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¢ Full precision gear drive dial system. 

e Double conversion with second oscillator crystal 


controlled. 
e Selectable side band reception of both | 
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e CW operation with AVC on. 
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e Delayed AVC. 
° Calibrated bandspread—'S” meter—double super 


e 11 tubes, 1 rectifier and voltage regulator. 


hallicrafters 


CHICAGO 24, ILLINOIS 


L 


_ SINGLE SIDEBAND TECHNIQUES 


by 


Jack N. Brown, W3SHY 


Contributing Editor, CQ 


Published by 


Cowan Publishing Corp. 
67 West 44th Street, New York 36, N.Y., U.S.A. 


“Cop right, 1954 LS ee 


Cowan Publishing Corp. 
67 West 44th Street, New York 36, 


aise 


~ New York, U.S.A. 


caueeee 


e : fo = \ 


Pan-A merican and International Copyright Pending 


Translation Rights Reserved. : : 2 


= Library of Congress Catalog Card Number 54-12654 


/ 


aS ‘ 


First Edition 


Contents 


Chapter I 


Wot 16: SSB?e ri Se big a Ise Pe NOH eS ING aa a Face an Nas) SUN A aS ND ZL 
~ Chapter II 
Mite Pliter PAGINOG:.. ooo re ee ya en ee ee ee 17 


Chapter III 
Be Preasing: Method... eck Sone ire esse oes en a aoe te rena 23 


Chapter IV 


Einear- Amplification: Theory: 2: 0.20 5, eek oS ei edie neat 29 
Chapter V 

High-Power. Linear “Final... 0o.2. iii i nse Aes eee 39 
Chapter VI 

Balanced “Modulators... i ea ee ee 47 


Chapter VII 
Phase Shift (Ne@IWOrks. ee a ee eee 55 


Chapter VIII 


Road Watt SSB: Transmitter... 25 ein ees ee a pesgete rape taniep ener ee 61 
Chapter IX 
“High Level Heterodyne Unit.......0.0...... ccc tree teectereteeteescessnse ene es 92 
| Chapter X 
Filters and Filter Alignment... 6.0.00... 0.2.0.0 Dee eras these cenmee cedaoee corel 102 


Hints for Better SSB Operation 


MTs APA CTIINGL Ta PR SOAR CIN 5 occ ok vc os is ie bod aa tune os Som ncn eee dnp ten meda coeaeings 38 
An Oscilloscope Monitoring Scheme................:0:ccccccescessetseeeeesteeseeentenes 46 
en PU ORT A ONY oo ace oe gk cvs dane oa Sgn se oes dee bi Geen chee onde gdbaunnsdunliaenes 110 
About the Author ,,.......... oe A LEED Se grec ARR ee Angee Mer Tre aCe eeeL eye A ar 112 
Pe IUCR 7 SO at eadeh hig isha uh shoals sno vion Cineeos eurapiees 112 


FOREWORD 


I once had a professor tell me that the easiest way to become an “expert” was to: 
pick a more or less remote subject, read all the material that was available on the matter, 
-and then publish a series of articles or write a book restating the many points that had 
been covered in the reading material. You therefore automatically become an “expert.” 
I must confess to falling in that same general class of writer. Rather than become an 
“expert,” I prefer to consider myself an out-spoken proponent of single sideband. I 
have advanced no earth-shaking ideas or inventions, but if I have contributed anything, 
I hope it is because I have presented the technical considerations in words of one syllable 
so that they can be more easily understood. 

During the period of time that it took me to build my first single sideband exciter, 
I formulated plans to conduct comprehensive comparative tests of AM versus SSB. Then 
came the first night when I worked W3ASW with a measured peak output power of two 
watts. From that date on the filaments of the AM modulators were never lit again. 
Forgetful? Unscientific? No. ‘The difference was so marked that I didn’t need any 
tests to persuade me how much SSB was superior to AM-double-sideband transmission. 
The modulator was long since been given away and, I presume, passed on still again 
because the station to which I’d given the unit is now on single sideband also. After 
almost six years of operating on single sideband I never cease to be amazed at how well 
a mere few watts of SSB always seem to be heard. ‘The number of Hams that are on SSB 
with only .a “barefooted” exciter testifies to that fact. 

‘In putting together, under one cover, information on single sideband, I have 
attempted to give enough information to bring a complete “outsider” up to date on 
the techniques. ‘The reader will find that the material in the first five chapters is an 
edited and rewritten version of the six-part series, “Getting Started on Single Sideband,” 
that was published in CQ Magazne during 1953. The comments from readers was so 
gratifying and requests for reprints of the material were so numerous that it was felt that 
this old material would make a good fundamental primer for this handbook. Upon 
this material is built the other two-thirds of the book. 

The author is personally indebted to Harold Carr, W3JFI, and J. Edward Wiley, 
W3VVV for the assistance in building the transmitter that is described. Their 
workmanship and attention to detail relieved me of a very great burden. The following 
companies generously contributed many of the parts for the SSB transmitter in 
Chapter VIII:—Automatic Electric Co., Barker & Williamson Co., Bud Radio, Inc., Collins 
Radio Co., Chicago Standard Transformer Corp., Electro-voice, Hammarlund Mfg. Co., 
James Knights Co., James Millen Co., J. W. Miller Co., P. R. Mallory Co., The Nation- 
al Co., The Radio Corporation of America (Victor Div.), and the Simpson Electric Co. 

To Perry Ferrell, the editor of CQ Magazine, has fallen the tremendous job of 
coordinating and assembling the material for this book. My back still stings from the 
driving whip lashes of “o.p.f.,” but to him goes a special word of thanks. Also a few 
words of appreciation to Tom Smith, W2MCJ who supervised all of the wonderful 
drafting and to Ed Kephart, W2SPV for the photographs in Chapter VIII, IX and X. 
To the ever-loving XYL, Caroline, who labored long and late over the typewriter, 
this humble effort is dedicated. 3 


Jack N. Brown, W3SHY 
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What makes single-sideband transmission ap- 
peal to ever-increasing numbers of amateurs? 
Is it the hope of gleaning 6 to 9 additional 
decibels from their equipment, or is it the 
voice-break-in type of operation that has be- 
come attractive after being forced to listen to 
10-minute transmissions in old-fashioned AM 
roundtables? Or, perhaps it is just a matter 
of “keeping up with the Jones's.” 

Whatever the incentive, the fact is obvious 
that increasing numbers of amateurs are chang- 
ing to single sideband transmission. The usual 
reaction is “I haven’t had such a big thrill 
since I had my first QSO.” 


The ability of a few watts of single-sideband 
signal to be heard even under the most trying 
band conditions is not to be taken as over- 
enthusiastic propanganda, but an uncanny 
truth that has yet to be fully resolved in the 
minds of many. The apparent superiority of 
the SSB signal cannot be fully explained in 
terms of the bandwidth occupied, the relative 
power involved or the receiver used. ‘The 
“stuff” just gets through. The presence on the 
air of many higher powered (500 to 1000 watts) 
SSB stations is an indication, not that SSB is 
for those with money to spend, but that a one- 
kilowatt SSB transmitter is more economical 
to construct than an AM-kilowatt transmitter. 


The “sideband concept” of ’phone transmis- 
sion may be new to many readers who like the 
author were brought up to understand that 
modulation was the process whereby the ampli- 
- tude of the carrier was “varied” in accordance 
with the impressed signal. Many amateurs 
when exposed to single sideband techniques 
are puzzled as to “what’s left” when the car- 
rier is suppressed and the microphone is spoken 
into. They should not feel self-conscious about 
these questions for it is a matter of record that 
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What is SSB? 


one of the early pioneers in the field of com- 
munication derived the mathematical expres- 
sion for the modulation process and then 
promptly dismissed the two sideband terms as 
being “imaginary roots” that could not pos- 
sibly exist! He was taken to task by others 
in the field, although actually the fued went 
on for several months in the scientific journals 
of the day. If one stops to consider, human 
speech is actually single sideband transmission 
of the simplest form. It is upper sideband in 
nature with a carrier of zero frequency. 

To better understand SSB we must start with 
something with which we are familiar and draw 
our analogies accordingly. Let’s consider the 
ordinary double-sideband with carrier phone 
signal sketched in Fig. 1-I-A. This signal is an 
idealized phone signal. Only the necessary 
speech frequencies are transmitted. For good 
intelligibility, experience has shown that only 
the speech frequencies between 300 cycles and 
3000 cycles need be transmitted. By use of a 
low-pass filter in the speech equipment, the 
frequencies above 3000 cycles can be eliminated, 
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representation of a double-sideband AM signal. 
Note the equal distribution of energy (hence 
intelligence) into two sidebands. 


8 
and by proper choice of coupling condensers 
the power-wasting low frequencies below 300 
cycles can be attenuated. The horizontal axis 
of Fig. 1-1-A is a scale of frequency as indicated, 
and the vertical axis is a relative scale of volt- 
“age just for comparison purposes. ‘The shaded 
portions represent the general area occupied by 
each sideband. Any speech frequencies trans- 
mitted will appear as voltages lying under the 
boundary of the shaded area (for example the 
1000-cycle tone which appears at maximum 0.5 
relative amplitude). 

If there is more than one tone present in the 
modulation, as in speech, each frequency as 
represented by a sideband component under 
the shaded boundary cannot equal a maximum 
value of 0.5 relative voltage. Depending on the 
phase relationships between the speech fre- 
quencies modulating the transmitter; the peak 
voltage of the composite wave form could pos- 
sibly be equal to several times the amplitude 
of any one of the individual frequencies. In 
more direct words the instantaneous sum of 
all the speech component voltages in one side- 
band cannot be greater than one-half of the 
carrier peak voltage. If the sum were to ex- 
ceed the one-half limit, over-modulation would 
take place with all of its splatter and con- 
sequences. 

At this point “actual proof’ of the existence 
of sidebands might well be presented. The 
photographs of signals shown in this chapter 
were taken with the cooperation of the Panora- 
mic Radio Corporation and Barker & William- 
son, Inc. Pictures were taken of the oscillo- 
scope presentation of a Panoramic SB-8A 
Spectrum Analyzor, Model T-200. This unit is 
what might be called a high resolution pana- 
dapter. As the cathode-ray beam moves across 
the face of the tube it indicates the amplitude 
of the signal present at a frequency which is 
continuously varying as the beam moves. The 
sweep rate used for these pictures was one 
sweep per second. The selectivity of the in- 
ternal amplifier unit was set for 70 cycles. Thus 
it was possible to separate the carrier from its 
sidebands and to determine just what band- 
widths were involved for various types of 
transmission. The picture captions explain in 
detail just what is being observed. 

“A” 100 % MODULATED 


g af “8” UNMODULATED 
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Be: 
Fig. 1-1-B. This is the common r-f envelope pat- 


tern of a double-sideband AM signal with 

100°% modulation (1000 cycle tone) at the left. 

The envelope appearance in an unmodulated 
condition is shown at the right. 


Vat Is It? 


Figure 1-1-B shows the well-known 100% — 
modulation oscilloscope pattern as compared to — 
the unmodulated carrier condition. It can be- 
seen that the instantaneous peak-to-peak volt- _ 
age at “A” is twice that of the unmodulated 
carrier at “B.” ‘This means that across a dum- 
my load the peak voltage will be twice that of — 
the unmodulated carrier. Since Power = E2R — 
where R is the dummy load resistance, the 
peak power at the instant of point “A” in Fig. 
1-1-B will be four times that of the unmodulat- 
ed condition. All this is leading up to the follow- 
ing point. The final amplifier must be capable . 
of delivering peaks of power four times greater — 


than that of the carrier. Look again at the ~— 


relative power involved in the carrier and the 
two sidebands. Take for example a 100-watt 
phone transmitter. ‘The carrier has a power of 
100 watts while each sideband contains only 
14 of that power, or 25 watts. Since each side- 
band carries the same intelligence and the re- 
ceiver upon detection combines the audio from 
each in-phase, the total useful sideband power 
is 50 watts. Can this be true? Unfortunately 
it is true that to deliver 50 watts of intelligence— 
carrying power our final amplifier must de- 
liver #00 watts on peaks of modulation. What 
happens if we get rid of our cafrier and gen-— 
erate only the sideband signals? The useful 
sideband power is still 50 watts and the maxi- 
mum power required of the final amplifier is . 


also 50 watts. 


The Useless Carrier 


What function does the carrier serve? A 
very minor one actually: In the second detec- — 
tor of your superhet it mixes (heterodynes, if 
you prefer) with the two sideband signals to 
recover the original audio that was fed into 
the transmitter. Does it do anything else? 
Nothing else except hold up the needle of your 
S-meter. Then let’s arrange the transmitter so 
that we do not transmit any carrier, but only 
the two sideband signals. Keeping the same 
peak sideband power (50 watts) take a look at 
your final tube. Cool as a cucumber, isn’t it? 

Now, back to the receiver. Ugh! It sounds 
pretty bad. Let us see if we can copy the 
double-sideband suppressed carrier (DSSC) sig- 
nal by inserting a local carrier with the b.f.o. 
Unfortunately, it is practically impossible to do 
this. ‘That villain carrier that we just got rid — 
of did have one point in its favor. It was of — 


the correct frequency and the correct phase. It 


is this phase condition that we cannot meet 
when we attempt to copy a double-sideband — 
suppressed carrier signal by using a b.f.o. We 
can make a first approximation of the frequen- 
cy, but never in this world will we be able to 
maintain the correct phase. We have failed in — 
this attempt. 3 

I would like to say at this point that it is 
possible to detect signals of this nature if a 
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This is a spectrum analyzor 
picture of a double-sideband 
AM signal. A vowel sound is 
spoken into the microphone. 
This transmitter was equipped 
with a 3500-cps low-pass filter 
in the speech amplifier. 
Note how the power is 
concentrated in the lower 
speech frequencies appearing 
close to the carrier. 


In this spectrum analyzor 
picture a vowel sound is 
spoken into the SSB filter-type 
exciter described in this book. 
The suppressed carrier is at 
the center "o'' point. Lower 
sideband is being generated. 


A spectrum analysis of a 
“two-tone linearity test on 
the filter-type SSB exciter. 
The signal at the center of 
the oscilloscope plot is an 
“inserted carrier. The other 
signal is a lower sideband 
resulting from a 2000-cycle 
tone, The small "pip" on the 
upper side of the carrier is 
40 db. below the reference 
signal. 


(The vertical scale on these 
spectrum photographs has 
been masked out since the 
grid was linear. The scale 


values would have been L -3.5 ri ss os CE : =_ = ae be 


logarithmic with a range 
of about 40 db.) 
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Fig. 1-!-C. Vector presentation showing two 
examples of how sideband voltages of a double- 
sideband signal combine in the detector of a 

receiver. 


reduced carrier is transmitted. This carrier 
must be restored or “exalted” to a high enough 
level to demodulate the sidebands. For an ex- 
planation of DSRC radiotelephony (double 
sideband with reduced carrier) see Grammer.?? 
Getting back to our little experiment, what 
would happen if we just eliminated one of the 
sidebands? Better still we could run the 50 
watts peak power in one sideband and still not 
increase the strain on the transmitter. At the 
receiver we can detect the single-sideband signal 
successfully by inserting a carrier at the cor- 
rect frequency with the b.f.o. The phase re- 
lationship between the carrier and the sideband 
has no effect on the audio recovered. How- 
ever, you will notice that the carrier supplied 
artificially by the b.f.o. must be very close to 
the suppressed carrier’s frequency. How close? 
For distortion free copy about 50 cycles and 
for intelligible copy about 200 to 400 cycles 
depending on the signal. 
Our double-sideband signal mentioned above 
with 25 watts maximum power in each sideband 
(total 50 watts maximum) will produce twice 
the audio power in our receiver than will the 
50-watt, single-sideband signal. This comes 
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Are Sidebands Necessary? 


about for the following reason. The double- 
sideband signal produces in the receiver detec- 
tor circuit the two sideband voltages that can 
be represented by the two vectors EJ and £2 
in Fig. 1-I1-C. ‘The two vectors are equal in 
amplitude (say for example 1 volt) but they 
rotate as shown in opposite directions at the 
rate of the modulating frequency. Example: A 
1000-cycle tone modulated signal would have 
sideband vectors revolving at the rate of 1000 
revolutions per second. These two voltages are ~ 
added vectorially so that the resulting output 
voltage lies along the vertical line, and, in the 
case shown, the resultant voltage is Et. ‘This 
Et will vary as the vectors whirl around from 
a maximum value of 2 volts in the positive 
(upward) direction through a zero value and 
downward to a maximum value of 2 volts in 
the negative direction. Thus we have a total 
change in audio voltage of 4 volts. 


The Power Function in the Sidebands 


Now let us consider what happens with the 
50-watt maximum-power single-sideband signal. 
We said that we put all of our power in one 
sideband. Yo double our power in one side- 
band, we increase the sideband voltage by only 
a factor of 1.414 since Power = E?/R. [Note: 
(1.4142 = 2)] So in our detector we have only 
one sideband vector whirling around whose 
amplitude is 1.414 volts. See Fig. 1-I-D. Since 
it has no other sideband vector to combine with, 
it swings around from a maximum value of 
1.414 volts positive to 1.414 volts negative. 
This yields a total peak-to-peak audio voltage 
of 2.828 volts upon detection. Since the double- 
sideband signal gave 4 peak-to-peak volts and 
the SSB signal gave 2.828 peak-to-peak volts, 
the result is 3 db. in favor of the double-side- 
band signal. In order for our SSB transmitter 
to produce the same 4 volts at the receiver, we 
must generate 100 maximum (peak, if you pre- 
fer) watts power in the one sideband. Norgaard 
pointed this out in his 1948 article.?6 

Getting back to the transmitter problem at 
hand, we notice that our maximum capabilities 
of the amplifier were 100 watts when using 
double-sideband-with-carrier. We can _ safely 


an A3 signal afterwards." 


(Courtesy “Short Wave Magazine” November, 1953) 
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Fig. I-I-D. This vector diagram illustrates how 
a 50-watt single-sideband signal yields 70% (3 
db.) less audio voltage upon detection than a 
double-sideband signal with 25 watts in each 
sideband—see Figure I-I-C. 


_ increase our single-sideband maximum power 


\ 


to 400 watts which gives us a power gain of 4 
over the double-sideband condition. This gain 
of 4 is an increase of 6 db. in system gain 
attained at the transmitter. 

It must be pointed out here that in order to 
make our 100-watt AM final amplifier deliver 
400 watts on peaks in single-sideband service 
we will have to double our plate voltage. You 
can see that in the AM case the modulator 
furnished the extra voltage upon peaks of the 
audio wave-form. It is not at all uncommon to 
find 1200 to 1400 volts being used on a pair of 
807’s used on SSB. The tubes still operate with- 
in rated plate dissipation, but the maximum 
value of peak power is in the neighborhood of 
a half-kilowatt! 


|.2—The Receiving System 


Since our signal is now concentrated in one 
sideband we can now concern ourselves with 
possible improvements in our receiving system. 
If it is possible to reduce the bandwidth of the 
receiver to match the reduced bandwidth of the 
transmitted signal, we can also gain another 3 
db. in system gain. This comes about for the 
following reason: For any given bandwidth the 
signal-to-noise ratio is the limiting factor that 
determines how weak a signal can be copied 
successfully. Where receiver thermal noise (hiss 
noise) is the limiting factor it is also true that 


the noise power will be reduced by 3 db. if we 


cut our receiver bandwidth in half. There is 
considerable difference of opinion whether 


_ there is any signal-to-noise improvement in 


halving the bandwidth in the presence of im- 
pulse-type noise. The nuisance value of this 


type of noise is strictly a subjective matter and 
as far as this writer is concerned has yet to 


11 


be resolved to everyone’s satisfaction. So, rather 
than be accused of trying to claim 3 db. that 
might not actually be merited, we will conclude 
(for now at any rate) that we can gain 3 db. 
in the case of thermal noise and none in the 
case of impulse noise. How much of this total 
of 9 db. is actually realized in actual operation? 
It all depends. 

For the conditions outlined, the first 6 db. 
are sure-fire available. Since under most ama- 
teur operating conditions, signals are not 
usually marginal—that is—competing with re- 
ceiver thermal noise, the extra 3 db. are not 
usually noticed even though they are there. 
However, there is the more insidious matter of — 
co-channel and adjacent-channel QRM from 
our brother Hams. This type of interference 
cannot be evaluated easily in terms of db. gain. 
Everyone knows that cutting down the receiver 
bandwidth will do wonders for this too. So 
you can safely conclude that we can gain 6 db. 
at the transmitter plus an undetermined num- 
ber of db. at the receiver. The actual receiver 
advantage will depend on the conditions under 
which you are operating at the moment. 


|.3—Power Economy 


There is another way of looking at this 
double-sideband versus single-sideband compari- 
son. Suppose that we have a one-kilowatt, 
average-power, double-sideband AM _ transmit- 
ter and a one-kilowatt, peak-power, single-side- 
band transmitter. Please take a second look at 
the italicized words. Without regard to the 
bandwidths involved and assuming no noise or 
QRM problems, from the previous discussion 
we know that the two transmitters will pro- 
duce exactly the same amount of audio at the 
receiver output. Again look at the italicized 
words. The conventional AM transmitter is 
running 1 kw. average-power all of the time 
when you are not talking, and 4 kw. on peaks 
of 100% modulation. On the other hand, the 
SSB transmitter probably runs about 300 to _ 
500 watts (depending on the persons voice) 
average power only when you are talking. With 
no voice input, there is no transmitter output 
and only a small amount of idling plate power 
input (usually about % to % of the maximum 
plate dissipation of the final tubes). 

In our foregoing comparisons of the AM and 
SSB operation of a transmitter we have neglect- 


ed the slight differences in operating efficiencies 


of the class C (in the AM case) and the class B 
(SSB case) amplifiers. We feel that this is only 
worthy of passing notice since the class C 
efficiency is about 75%, while the class B effi- 
ciency is about 65%. 

There is one further point that should be 
made at this time. The FCC has interpreted its 
“one kilowatt input to the final amplifier” for 
SSB transmitters in this way: The product of 
the average plate current in the final amplifier 
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' 100-watt AM 
Transmitter 


Approx. 100 to 200 watts 
, (only when talking) 


D.C. plate ; 
voltage 


and the plate voltage applied should not ex- 
ceed one kilowatt. This average plate current 
is the maximum value to which the needle 
swings on normal voice input. The meter used 
must have a time constant not to exceed % 
second. This is the time constant found in 
practically all milliammeters normally used for 
amateur work. No additional damping of the 
meter may be used. What does all this mean? 
It means simply that the average input power 
may go to one kilowatt while the peaks of the 
SSB signal go as high as the linearity of the 
amplifiers will permit. ‘The peak-to-average 
ratio in the operator’s voice will be the deter- 
mining factor in this matter. The usual male 
voice ranges anywhere from 1% to 1 up to 3 
to 1 in peak-to-average ratio. Thus, the maxi- 
mum power for a “legal 1 kw.” SSB transmitter 
may be anywhere from 1% kw. to 3 kw. input— 
and please note: all of this power is useful. 


|.4—Tuning In SSB Signals 


Using a conventional superhet receiver, we 
have a choice of two systems of tuning in 
single-sideband signals. 

MeEtuHop A: (Front-end carrier insertion®9,4°): 
The receiver is operated in the usual manner 
for phone reception; that is, a.v.c. turned on, 
b.f.o. off, and r-f gain full-on. A BC-221 fre- 
quency meter, or similar auxiliary oscillator is 
used in conjunction with the receiver in the 
following manner: Center the SSB signal in 
the pass-band of the receiver’s i-f stages by tun- 
ing for maximum kick on the S-meter. Tune 
the auxiliary oscillator slowly through the fre- 
quency occupied by the SSB signal and you 
will find that the signal will pass through the 
characteristic ‘““Mickey Mouse” high pitched 
sound to the guttural “Mortimer Snerd”’ sound. 
In between these two extremes lies the narrow 
margin of intelligible copy. If by chance you 
have the artificial carrier on the wrong side of 
the SSB signal, the region between the high 
and low-pitched sounds will not yield under- 
standable output, so move the oscillator signal 
over to the other side of the signal. You may 
have been trying to copy a lower-sideband sig- 
nal as an upper-sideband signal, or vice versa.’ 


f 
\ sea 


Tuning In 


Same Final Amplifier — 
Used on S.S. B. 


SSB and AM Conparsan 


Here is a rule-of-thumb to remember. To 


tune in a lower-sideband signal the carrier _ 


must be on the high frequency side, and to 
tune in an upper-sideband signal the carrier 
must be on the low frequency side of the SSB 
signal. Assuming that you have the carrier 
correctly placed, you can tune the receiver itself 
back and forth across the combination of the 
SSB and oscillator signal for optimum receiv- 
ing conditions. ! 


The amplitude of the artificial carrier should 
be adjusted by varying the oscillator coupling 
to the receiver antenna terminal, so that the 
maximum audio is recovered from the SSB sig- 
nal with no signs of distortion due to over- 
modulation of the carrier. If heavy QRM is 
encountered, inserting a stronger carrier will 
prevent “capture effect” of the second detector 
by other strong carriers. é 


The crystal filter may be used in a normal 
manner to notch out interfering heterodynes 
and to reduce the receiver bandwidth to match 
the SSB signal bandwidth. You can tell which 
sideband is being transmitted by determining 
to which side of the carrier the receiver must 
be tuned in order to derive the maximum audio 
output from the signal. The receiver must be 
reasonably selective to do this, however. 


Metuop B: (b.f.0. carrier insertion). With 
the receiver still in the, conventional AM posi- 
tion, tune in the SSB signal for maximum S- 


meter kick. Turn off the a.v.c., back off the ~ 


r-f gain, turn the audio gain up to maximum, 
and lastly turn on the b-f-o switch. Slowly tune 
the b-f-o pitch control (not the front end of 
the receiver) so that the b-f-o frequency passes 
through the band of frequencies occupied by 
the SSB signal. At one point in its journey 
the b-f-o will correctly demodulate the SSB 
signal and the “‘stuff’’ will come out as English 
and not Chinese. Bring up the r-f gain until a 
comfortable level is available. Advancing the 
eain too far will produce a garbled signal that 
cannot be detected no matter where you place 
the b-f-o carrier. Too much gain causes the 
SSB signal to overmodulate the b-f-o carrier 


causing plenty of second-harmonic distortion. 
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|.5—Adapters For Receiving SSB 


There are three prime requirements that 
must be present in any good single sideband 
receiving system: 
~.<(1) Stability. 

(2) Selectivity—3 ke. bandwidth with re- 
jection outside this range, this means 
good skirt selectivity. 

(3) Exalted carrier reception—this means 
having the b-f-o voltage at least ten to 
one-hundred times as great as any 
other signal that is present in the 
second detector. ‘This reduces the 
monkey chatter caused by strong 
QRM-ing signals cross-modulating 

sm with each other upon detection. 

_ I don’t believe that much need be said about 
requirement (/), either you have a stable re- 
ceiver or you haven’t and in the latter case 
you may be forced to do something about it. 
However, requirement (2), selectivity, can be 
dealt with to good results. ‘The most desirable 
place to achieve selectivity in a receiver is as 
close to the front end as possible. ‘This means 
Immediately after the high frequency mixer. 
Pre-intermediate frequency selectivity is de- 
sirable because it prevents strong adjacent 
channel signals from producing distortion prod- 
ucts in the latter i-f amplifiers. These distor- 
tion products appear as splatter on the signal 


to which we are listening while in reality these 
products are not transmitted by the offending 
stations. The only means available to us to 
achieve pre-i.f. selectivity are crystal filters?.13 ~ 
of some configuration, or one of the néw 
mechanical filters recently introduced by Col- 
lins Radio Co 

Post-intermediate frequency selectivity is 
fairly common in the Ham shack today. The 
“Lazy Man’s Q-Fiver’!4 is probably the most 
familiar of the double-conversion arrange- 
ments. This unit, the BC-453 surplus receiver, 
is quite effective in increasing the selectivity of 
a receiver. The b.f.o. of the outboard receiver 
is used to furnish carrier for SSB signals. The 
b.f.o. frequency must be off-set either to the 
high side or the low side of the 85-kc. inter- 
mediate frequency to accommodate whichever is 
being copied—upper or lower sideband signals. 
The a.v.c. of most receivers is useful for listen- . 
ing to SSB signals when the BC-453 is used 
for detection. 


Coil Winding Data 


Li—single winding from 455 ke. 
(slug tuned). 

L2—6.8 mh., wound on type P-476930 toroid form. 

L3—1/4 number of turns as on L2, wound on same 
P-476930 form, tapped every 20 turns. 

L4—1/5 number of turns as on L2, wound on same 
P-476930 form. 


i-f transformer 
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R1—0.5 megohm, lw. 
R2—300 ohm; lw. 
R3—10,000 ohm, lw. 


RA—27,000 ohm, 2w. 
R5—27,000 ohm, tw. 
R6—33,000 ohm, 14w. 


~ R7—250 ohm potentio- 
meter (carbon) 


R8—1 megohm, lbw. 
R9I—10,000 ohm, 2w. 


Fig. I-5-A. This is the ‘modified Single Sider," 


R10—5,000 ohm, iw. 

R11—100,000 ohm, 2w. 

C1—10 pwpufd. mica 

C3, C7, C10—100 wufd. 
silver mica 

C2, C4, C14, C15,. C1s— 
0.01 wfd., disc ceramic, 
500v. 

C5—15 pwufd. midget 
variable 

C6—75 mwufd. midget 
variable 


C8, C9I—1,500 uufd. 
silver mica 
C11—0.01 ywfd. silver 


mica 
C12—0.002 ufd. compres- 
sion padder 
C13—0.002 wfd. mica 
C16—1.0 pwfd., 200v. 
metalized paper 
C17—0.1 pfd., 600v. 
metalized paper 
S1—s.p.d.t. water switch 


T1— Balanced 500 ohm to 
single grid transformer 

RFC1—5 mh. choke 

RFC2—2.5 mh. choke 

Yl, Y2, Y3, Y4—Copper 
oxide varistor W.E. 
type D-98914 (Ger- 
manium diodes—1N34 
may be used) 


filter type, SSB receiving adapter. 


Approx. Total 
Winding Ind. ‘mhy. 
Ly Primary 
10, 000 


Lg Secondary 
500 


SSB Receiving 


Ind. to Test Test 
Tap mhy. 


Capacity ufd. Freq. - Ke. 


- 011289 for tap 
- 068120 for 
total winding 


Fig. 1-5-B, Sideband filter Z-20-B (courtesy F. M. Berry, WOMNN). Note that the 
test capacity is used only to adjust the coil inductance to the tap. The total winding 
must be tuned to the test frequency by its own 0.005 ufd. mica condenser, and then 
wired into the circuit. Molybdenum Permalloy toroid forms are used with the LI and 
L8 forms being type P-476930 and L2 through L7 forms being type P-284395. The 
toroids may be purchased from the Arnold Engineering Co., Merengo, Ill. 


More elegant means may be built to copy 
SSB signals. Iwo such adapters are described 
briefly. It is recommended that the original 
references be consulted for the whole story. 


20 Kc. Filter Adapter 
The first of such adapters is the double-con- 


version 20-kc. filter adapter?.22 as seen in Fig. 


I-5-A. Operation is as follows: The i-f signals 
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Fig. |!-5-C. Attenuation characteristic of the 
Z-20-B sideband filter shown in Figure 1-5-B. 


from the receiver are mixed in the 6SA7 stage, 
V1, with the oscillator signal from the Clapp 
oscillator, V2, to produce i-f signals in the 20- 
kc. region. The conversion oscillator operates 
approximately 16.9 kc. higher or lower than 
the 455-kc. frequency. The signals then pass 
through the 2.5-kc. wide bandpass filter which 
selects only the desired signal. The signal is 
then detected by mixing it with an exalted 
carrier at 16.9 kc. in the ring-modulator mixer 
using copper-oxide rectifiers as diodes. Ger- 
manium diodes such as the 1N34 may be used. 
The detected signals are then amplified by a 
conventional audio amplifier, V3b. By leaving 
the reinserted carrier at 16.9 kc. and switching 
the first heterodyning oscillator from 16.9 ke. 
above to 16.9 kc. below the 455-ke. input fre- 
quency sideband switch may be accomplished. 

Figure 1-5-B shows the schematic of a very 
fine filter which can be used in the adapter. © 
Figure 1-5-C shows the response curve of the 
aligned filter.* I suggest that you consult an 
article by Berry? for particulars on how to wind 
toroids and for filter alignment procedures.** 


* Also now available from Barker & Williamson. See 
advertisement page. ee 

** Or write F. M. Berry, WOMNN, 1200 East 49th Ter- 
‘race, Kansas City, Mo. ‘a 
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Phasing Type Adapter 

The second adapter is the ‘Signal Slicer” 
originally described by Norgaard.3! This unit, 
Fig. 1-5-D, utilizes the phasing principle of 
detection and post-detection combination to 
discriminate between sidebands of a received 
signal. The principle is very similar to that 
of the phasing-type single-sideband exciter. The 
incoming i-f signals are detected by the two 
diodes in the 6AL5, V2, by mixing them with 
the r-f voltage from the 455 kc. oscillator, VJa. 
This r-f voltage is divided into two equal parts 
and shifted in phase with respect to each other 
by 90° in the R/C networks R3-C8, C9 and 
R4-C7. The two separate signals after detec- 
tion are passed through the phase-shift net- 
works designated PS-1, and then combined in 
the output of V4. One stage of audio amplifi- 
cation, V1b, is included. The net result is that 
depending on the position of the switch, SJ, 


23 v2 
TO RCVR. 1Syaitd 6AL5 
5 
2 
3 \ ] 
33K S cg cote 
ae) 7%, Poe 
wy Tels 
C7 Se 
Pex. Yh 
wy 
: 4 yt 
4 ViA 
442ATT 
2 1 Se 7 
C5 awe 
.O0tpfd ses / 
L2 fe a / 
if 440pptd 1 SiA 
: Rd [3 Vf 
: 4 a 
L3 é g 3 ah 250pptd Fo) 0. 
ae £ ok d aS aq fe 
L4e 
NN z ‘ 
cé 4K, {Ww B+ 
rd 250V 


the signals on one side of the 455-kc. oscillator 
frequency will be combined in such a way as 
to be cancelled out to a major degree while the 
signals on the other side of the oscillator will 
be reinforced and will be heard in the head- 
phones. This unit effectively splits the receiver 
selectivity characteristic in half—rejecting the 
one half while receiving the other. Again, 1 
suggest that the original article be consulted 
for detailed constructional information and for 
alignment. The phase-shift network, PS-1,. is 
available commercially from the James Millen 
Co. The unit is aligned and no further ad- 
justment is needed. The complete adapter is 
also being marketed either in kit form or in 
wired form at a reasonable price. 
‘“‘Apparent”’ Broadness Of SSB Signals 
This subject is just a little “touchy,” but 
must be treated openly for the good of all. 
The complaint of many phone men of broad 


PHASE SHIFT V4 
NETWORK 12AT7 


RESISTORS ARE $ WATT EXCEPT 
WHERE NOTED 


VAB 
SWITCH Si FUNCTIONS  412AT7 
POS. ¢ 
1 SIDEBAND 4 / 
2 BFO ( 
3 SIDEBAND 2 a ‘ 
4 NORMAL AM RECEPTION : C 20 


R1—10,000 ohms, %4w. 
R2—-1000 ohms, lw. 
R3, R4, R22, R23, R24, 
R25—3,300 ohms, w., 
5% 
R5-—10,000 ohms, 4w. 
R6, R7—1 megohm, Jpw. 
R8, R10—51,000 ohms, 
Yow., 5% 
R9—22,000 ohms, tw. 
Ril, R12—3.3 megohms, 
Tow. 
R13—680,000 ohms, tw. 
R14, R1i5—2,000 ohms, 
liw., 1% precision 
R16, R17—7,000 ohms, 
low., 1% precision 
R18, R21—133,300 ohms, ~ 
lgw., 1% precision 


R19, R20—100,000 ohms, 
liw., 1% precision 
R26, R28, R29, R31— 
220,000 ohms, 44w. 
R27, R30—100,000 ohm 
pot, ‘ 
R32—-100,000 ohms, 14w. 
R33—5,600 ohm, tw. 
R34—47,000 ohms, tw. 
R35-—2.2 megohms, low. 
C1—140 pwyufd. variable 
C2—250 uyufd. mica 


C3—0.008 ufd. mica 
C4—0.003 ywfd. mica 
C5—0.001 wfd. mica 
C6—0.05 wfd. paper 
C7—100 mwufd., 5% mica 
C8—75 pwufd., 5% mica 
C9—50 pwufd. variable 


- C10, C11—110 gwufd. mica 
(matched within 1%) 

C12—470 wufd. mica 

C13, C14—0.01 ufd., mica 
or paper : 

C15—2,340 wufd. 
(paralleled 0.002 ufd. 
and 170-780 wpfd. 
trimmer) 

C16—4,860 wufd. 
(paralleled 0.0043 ufd. 
and 170-680 syfd. 
trimmer) 

C17—607.5 mwutd. 
(paralleled 500 mwufd. 
and 9-180 wyfd. 
trimmer) 

Ci8—1,215 spfd. 
(paralleled 0.001 wfd. 
and 50-380 muyfd. 
trimmer) 


C19—0.1 ufd. paper 
C20—500 wufd. mica 
C21—0.25 wfd. paper 
C22—0.1 wid. paper 
C23—10 wufd. mica 


J1-—open circuit phone 
jack 


Li, L2, L3, L4—National 
R-100 r-f choke modi- 
fied so that second pi 
serves as secondary 
(1.2). 

The remaining pi’s are 
connected in series as 
shown. 


PS-1—two channel 90° 
phase shift network. 


Sla, Slb—2-pole, 4-posi- 
tion wafer switch. 


Fig. 1-5-D. The parts list and wiring diagram of a phasing type single-sideband 
adapter, modified by W9DYV, from the original design of W2KUJ. 


SSB. signals adds up to about this: The re- 
ceiver used is being operated with a.v.c. turned 
on and at full r-f gain. When tuned to a chan- 
nel next to that occupied by a SSB station and 
copying no signal (or at least a weak one) the 
receiver is really wide open. The non-existence 
of a-v-c voltage has raised the gain of the r-f 
and i-f stages so that the effective bandwidth of 
the receiver is perhaps 15 or 20 kilocycles in- 
stead of the 3 kilocycles measured by the manu- 
facturer at the “half-power” points. Naturally, 
when the adjacent-channel—SSB signal starts 
up it is going to be heard and quite loudly! 
The “jumping-up-and-down” of the SSB signal 
creates quite a terrifying effect on the a-v-c 


SSB receiving adapter de- 
veloped by W2KUJ and 
featured in the "G.E. Ham 
News’ (November/Decem- 
ber, 1948). Readers may 
obtain a useful "SSB Pack- 
age" containing all the ma- 
terial published in the 
"G.E. Ham News’ by writ- 
ing to Lighthouse Larry, 
Tube Department, General 
Electric, Schenectady ee 
New York ; 


(Courtesy General Electric) 


system too. Consider now what the case might 
have been if the SSB signal had been an un- 
modulated carrier of the same peak amplitude. 

The receiver a-v-c voltage would have been 
raised and held there, the result—reduced re- 
ceiver sensitivity. The effective receiver band- 
width would have been reduced some and de- 
pending on its strength the desired signal might 
not have been heard at all. In the SSB case, 
the remedy is to increase the receiver selec- 
tivity by using the crystal filter, turn off the 
a-v-c, and manually adjust the r-f gain for 
just enough gain to do the job. You may be 
surprised to find that the SSB signal is not 
broad after all. 
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__ side-bands, 


Chapter II 


The Filter Method 


As in the receiving adapters described in 
Chapter I, there are two methods of generating 
_a single-sideband signal available. The older 
method in use for many years is the filter 
method. The other system which has become 
popular in the last few years is the phasing 
method. Each has its own points and careful 
work will produce a satisfactory signal using 
either system. Conversely sloppy workmanship 
will yield a sloppy signal with either system. 
I would like to spend a little time dealing 
with each system, outlining what takes place, 
so that the beginner can better understand what 
he is trying to do when he tackles an SSB 
exciter. 


Ba 


2.1—Filter Methods and Designs 


As we saw in Chapter I an AM signal is com- 
posed of a carrier (occupying no bandwith) and 
two sidebands. The sidebands are like the car- 
rier, in that they are actual r-f signals distrib- 
uted either side of the carrier in the spectrum. 
_ The sideband components corresponding to the 
lower audio modulating frequencies are close 


_ to the carrier, and the higher audio frequencies 


are proportionately farther away from the car- 
rier. The two sideband signals are identical, in 
that they carry the same intelligence. The filter- 
type of SSB exciter must separate these two 
transmitting one and attenuating 
the other. The matter of carrier suppression 1s 
_ secondary, and can be accomplished with rela- 
tive ease. 

It is not feasible, from a practical standpoint, 
to accomplish the filtering process at the final 
operating frequency for these reasons: First, 
finding circuit components to separate the side- 
bands, whether coils and condensers, or crystal 


1/ 


filters, would be an almost impossible job. 

Second, if we wished to move frequency, all the 
circuit components would have to be retuned 
for the new set of conditions. ‘There is, how- 
ever, an easier way. Generate the SSB signal at 
some lower fixed-frequency, and then hetero- 
dyne it up with conventional mixers to the 
desired frequency. ‘This procedure solves both 
problems for us, in that it makes our filtering 
problems simpler, and because the VFO can be 
used as the heterodyning oscillator to put us 
anywhere in a particular Ham band. 


Early Model Filters 


The first filters built for this purpose were in 
the higher audio frequencies, 1.€., from about 
10 kc. to 25 kc. Direct heterodyning into ama- 
teur bands from this low frequency is not prac- 
tical, because, when two signals are mixed (or 
heterodyned), the output products are the orig- 
inal signals and the sum and difference of these 
original signals. If we heterodyned to 4.0 Mc., 
for example, the tuned circuits would not allow 
the original 25-kc. signal to appear in the out- 
put, but the original mixing oscillator near 4.0 
Mc. would be present and both the sum and 
difference of the two signals would appear in 
the output. This would give us a steady carrier 
and an upper-sideband 25 kc. above this car- 
rier and a lower-sideband displaced 25 ke. 
lower than this carrier. This is undesirable, 
to say the least. Thus it was necessary to first 
heterodyne the 25-kc. SSB signal up to about 
450 kc., so that normal i-f transformers could 
discriminate between the various products of 
mixing, and select the desired one. ‘Then it was 
necessary to heterodyne once more into the 
desired amateur band, making this last mixing- 
oscillator variable for v-f-o control of the out- 
put signal. The first transmitters described for 
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amateur use utilized this system.%.°4,25. “They 


were a little complex in adjustment, number — 


of tubes, and tuned circuits used; however, 
they produced a very high degree of sideband 
attenuation. The advent of crystal filters for 
amateur use,’.11 made possible the generation 
of SSB signals in the region of 400 to 500 kc. 
This eliminated the necessity of the extra 
heterodyning operation. 

The sideband filter, whether at 25 kc. aa 
made of toroid coils and condensers, or at 450 
kc. and made of quartz crystals, must have cer- 
tain characteristics to be acceptable for use. 
The filter, whether bandpass, or high-pass or 
low-pass in nature, must be capable of separat- 
ing the sideband components close to the car- 
rier on the high-frequency side from _ those 
close to the carrier on the low-frequency side. 
‘This dictates a sharp drop-off in the filter re- 
sponse characteristic, or, as the boys say, a good 
We cannot obtain practical 
filter characteristics with a vertical drop-off,’ so 
we must be content with an attenuation of 
from 30 to 60 db. in about 600 cps. We can 
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characteristic and speech amplifier need onky . 
be enough for good speech intelligibility. This — 
means that frequencies above 3000 cps should 
be attenuated, first of all, to conserve spectrum 
space, and to result in a pleasant sounding 
signal. Since we have eliminated the low-fre- 
quency speech components, cropping the high 
frequencies will produce a balanced-sounding 
signal that will be more intelligible. 


The only thing remaining now is to hetero- ~ 


dyne the 450-kc. SSB signal up to a desired 
frequency in an amateur band. Refer to Fig. 

2-I-A for a block diagram of a simple crystal- 

filter SSB exciter. You will note that an upper- 
sideband signal is generated in the filter, and 
when it reaches the 4.0-Mc. band it has changed 
into a lower-sideband signal. How come? Take 
a pencil and figure it out for yourself. “Take 
450 ke. as a suppressed-carrier frequency, and 
452 ke. as being the frequency of an upper- 
sideband resulting from a 2000-cps input tone. 
If we:use the difference-mixture of these fre- 
quencies, and a 4350-kc. v-f-o voltage, do the 
following: (1) Subtract 450 ke. (carrier) from 


LOWER SIDEGANO 


UPPRESSED CARRIER 
SIGNAL 


TUNES 4250 KC 
TO 4450 KC 


Fig. 2-I-A. Block diagram of a simple crystal-filter type SSB exciter, 


help this situation by moving our carrier fre- 
quency part way down this slope of the filter 
characteristic. We accomplish two things by 
doing this: (1) We attenuate the useless, power- 
wasting, low speech frequencies below about 400 
cps and (2) allow the filter to be more effective 
on the portion of the undesired sideband near- 
est the carrier. A good rule of thumb to follow 
in placing the carrier on the slope of a filter is 
to put it about 20 db. down on the response of 
the filter characteristic. ‘This should result in 
the transmission of few frequencies below 500 
cps. If the carrier is so placed and the speech 
response is not up to maximum until you reach 
a frequency of 700 or 800 cps, the filter skirt is 
nol steep enough, and measures must be taken 
to correct this. The commercial standard for a 
good sideband filter is 80 db. drop in the filter 
skirt in 1 kc.! This is a bit more than required 
for amateur use, but it will give you something 
to shoot for! 

The high-frequency response of the filter 


4350 kc. Result—3900 kc. carrier frequency; 
(2) Subtract 452 (sideband) from 4350 kc. Re- 
sult—3898 kc. sideband frequency. So, in the 
75-meter band our sideband is lower in fre- 
quency than the carrier—a lower sideband. 


2.2—Heterodyning 


This section applies to the phasing type of 
exciters as well as to the filter exciters. Hetero- 
dyning, or mixing, as it 1s more commonly 
known, is the process whereby two r-f voltages 
of different frequencies are combined in a non- 
linear device so that either the sum or difference 
of the two frequencies is present in the output. 
Normally, tuned circuits are used to select the 
mixture product we want. The non-linear de- 
vice mentioned in the formal sounding defini- 
tion can be an ordinary vacuum tube, either 
triode or multi-grid type. Diodes, either 
vacuum or germanium, also serve as non-linear — 


oe peleinents. 


amplification of generated SSB signals. 


= “Crystal F Filters. : 


In the transmitter-exciters to be de- 
scribed, both types are used. In mixing in a 
non-linear device, the output amplitude of the 
desired product must be in linear amplitude 
relation with its corresponding input signal. 
What does this fancy sounding statement mean? 


Tt means that when heterodyning an SSB sig- 


_nal from one frequency to another, the output 
SSB signal must vary in the same proportion, 
_ amplitude-wise, as the input SSB signal. ‘To 
accomplish this, the mixing oscillator voltage 
must be several times greater than the SSB 


= signal, the usually accepted ratio being ten to 


one. For every volt of signal, we will require 
ten volts of mixing oscillator voltage. ‘This is 
a safe figure and should eliminate any possi- 

bility of signal distortion taking place in the 
‘mixer. 


4 -2.3—Amplifiers — 


We have dealt briefly with the filter systems 
used in generating a SSB signal. This SSB 
signal has variations in amplitude of its various 
r-£ components, which means that we cannot 
use conventional class C amplifiers to amplify 
it. As we must faithfully reproduce the signal 
as originally generated, the amplifiers must be 
linear. Linear amplification, in words. of one 
syllable, means that, if the input voltage 
doubles in amplitude (from 1 to 2 volts, for 
example), the amplified output voltage must 
change in the same proportion (20 to 40 volt 
Increase). 

There are various classes of linear amplifiers 
—depending on how much driving power is 


used and what amount of grid-bias is used. 


Class A, AB;, ABs, or class B amplification may 
be used depending on the voltage or power 
level involved. Ordinarily, class A or class AB, 
amplifiers are used at low levels for voltage 
Class 
AB» and B stages are used for power amplifi- 
cation in the high-level final amplifier stages. 
_ Amplifiers will be dealt with in more detail in 
a later chapter. Here, we will be content with 
only the voltage amplifier stages—class A and 
~ AB. 

Further discussion will be deferred until we 
cover the section describing specific exciters. 


2.4—A Crystal-Filter SSB Exciter 


As representative of the filter-type exciter, 


the circuit shown in Ig. 2-4-A was chosen. 


Basically, the circuit is that of Edmunds,1! and 
has long since been nicknamed the “WIJEO 
filter.” The author felt that the original filter 
has some inherent disadvantages, namely: The 


alignment was a compromise one, in which best 


sideband suppression did not occur when best 
pass-band characteristics were realized. ‘The 
slope of the filter characteristic would not be 
steep enough when the adjustments for maxi- 
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mum undesired sideband suppression were 
made. Generally, there would also be a large 
dip in the middle of the transmitted sideband 
characteristic. Many of the boys using this 
type of filter had successfully modified it as 
follows: Following Edmunds’ original align- 
ment procedure with the three-crystal filter, as 
described in QST, careful adjustment was made 
for best pass-band shape, without worrying too 
much about the suppressed sideband charac- 
teristic. Then the frequencies at which humps 
appeared in the filter characteristic on the sup- 
pressed-sideband part of the curve were noted. 
Additional FT-241 crystals were chosen so that 
their series-resonant frequencies were at the 
frequencies of worst attenuation. These extra 
crystals were then connected in parallel with the 
input crystal (Crystal “B” in Fig. 2-4-A), with 
the output crystal (Crystal “D’’), or both places. 
As few as two or as many as ten extra crystals 
have been used. Ken Stiles, W2MT'J, original- 
ly conceived these modifications, and suggests 
that additional crystals may be used to im- 
prove the steepness of the filter cut-off charac- 
teristic next to the carrier frequency. 


Exact Determination of Crystal Frequencies 


The series-resonant frequency of a FT-241 
low-frequency crystal may be determined in the 
following manner: Connect the crystal in series 
with the hot lead of a BC-221 frequency meter 


(or a signal generator) and the input lead of a_ | 


scope, sensitive r-f vacuum-tube voltmeter, or 
some other indicating device that will respond 
to the frequency range of 400 to 500 kilocycles. 
Slowly tune the signal generator through the 
range of the crystal, and a sharp kick will be 
noted on the VI'VM or oscilloscope. This 
sharp rise indicates the series-resonant frequen- 
cy of the crystal. Carefully check this peak. 
Shunt circuit capacity should not move it, so | 
no great care need be taken in circuit arrange- 
ment. 

One of the SSB gang, W4RL, who tried this 
modified filter scheme, said that he used two 
additional crystals. One of the crystals was 
chosen for the channel between the carrier 
crystal (Crystal A) and the rejection crystal 
(Crystal B). ‘The other extra crystal was chosen 
to be very close to the carrier suppression crys- 
tal (Crystal D). As in Edmunds’ original article, 
Crystals A and D are chosen at the carrier fre-— 
quency. Crystal C is the band-pass crystal— 
used to pass the desired frequencies—and_ for 
upper sideband generation is one channel 
higher than the carrier frequency crystal. Crys- . 
tal B is the lower-sideband suppression crystal 
and is two channels below the carrier frequency 
crystal. 

The above-mentioned pode will im- 
prove the sideband suppression of the WI JEO 
filter to approximately 40 db., as opposed to the 
25 db. available on the unmodified filter. 
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Coil Winding Data 
Li, L2, L7—2.5 mh. 


- L3, L6é—45 turns, #28 formex on National XR-50 
coil form. 


L4, L5—3 turn link of insulated wire wound on 
cold end of L3 and L6. 


L8—18 turns #18 formex wire on National XR-50 
coil form, 


L9—8 turns (insulated wire) wound on cold end 
of L8. 


L10—4.0 Mc: 30 turns, #18 on 114” dia. plug-in 
form. 
7.8 Mc: 15 turns, #18 on 114” dia. form. 


L11—4 turns, #18 wound on cold end of L10. 


Circuit Particulars 


Certain requirements were outlined for the 
exciter shown in Fig. 2-4-A. These were: (1) 
Band switching operation on at least two bands, 
(2) carrier reinsertion for working the unen- 
lightened, (3) voice control, and (4) enough 
output to drive most of the higher-powered 
final amplifier tubes without an additional 
amplifier stage. 

Referring to Fig. 2-4-A, we will consider the 
schematic in logical order. The speech ampli- 
fier, Vila and Vib, is conventional, and has 
suficient gain for a high impedance micro- 
phone. V2a, the mixer portion of V2, is con- 
ventional also and is pretty much as originally 
described by Edmunds. However, the carrier 
crystal oscillator, V2b, has been changed to a 
Pierce oscillator because it was found that the 
erid-plate type of oscillator used originally was 
very sluggish. By varying condenser C9 the 
oscillating frequency of the carrier crystal may 
be moved a small amount so that it may be 
moved into the attenuation notch of the carrier 
rejection crystal of the filter (Crystal D). 

Transmitter carrier insertion is accomplished 
by V3, which serves as a conventional amplifier 
with choke, £2, as plate load. Potentiometer, 
R15, controls the amount of carrier insertion. 

The filter has been discussed previously. It 
was felt that sideband switching is not normally 
required, so only the one sideband filter is 
shown. You will note that the filter is set up 
for upper sideband generation. Normally the 
lower sideband is transmitted on both 75 
meters and 40 meters. In order to come out 
with a lower sideband on the 4.0-Mc. band, the 
v.f.o. must operate above the 75-meter band in 
frequency by an amount equal to the filter 
carrier-frequency. 

This will make our v.f.o. tune the range of 
approximately 4.25 Mc. to 4.45 Mc. If 40-meter 
phone is contemplated it will be best to operate 
the unit in the manner just described. If the 
filter is set up for lower-sideband generation, 
and the v.f.o. operated at 3.55 Mc., the second 
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harmonic of the v.f.o. will fall in the 7.0-Mc 
band. This signal when passed through V5, 
the second mixer used for 40-meter operation, 
would appear in the output as an undesired 
c-w signal. The double-tuned transformer, L3 
and L6, was used to further attenuate the 
harmonic output of the mixer and prevent the 
generation of spurious “birdies.’’ Even if the 
second harmonic of the v.f.o. is negligible as 
far as actual radiation is concerned, it would 
certainly be strong enough to block the local 
receiver even when not transmitting. It is 
generally the custom to leave all heterodyning 
oscillators run when in the stand-by position in 
order to insure better frequency stability. How- 
ever, with the v.f.o. at 4.4 Mc., the second-har- — 
monic is at 8.8 Mc. and even the heterodyne- 
mixture of the fundamental 4.4-Mc. voltage 
and the 3.3-Mc. mixing voltage of V5 will fall 
well outside the 7.0-Mc. band at 7.7 Mc. You 
can see that this business of heterodyning sig- 
nals here and there must not be taken too 
lightly. Always sit down with a pencil and 
paper and figure out all the possible combina- 
tions. 

The BC-457 Command transmitter lends it- 
self nicely for v.f.o. use. It is recommended that 
not over 150 volts regulated plate-supply be 
used. This will minimize the drift and will 
still provide plenty of v-f-o signal for the 4.0- 
Mc. mixer stage. | 

For 4.0-Mc. operation, the mixer stage em- 
ploying V5 is not used, as can be seen by the 
position of switch SJ in Fig. 2-4-A. 40-meter 
operation makes necessary the changing of SJ, 
as already indicated and the changing of plug- 
in coil, £10, in the output stage, V6. The 
second mixer output circuit will be broad 
enough to cover the 100 kc. of the 40-meter 
phone band without re-peaking when QSY-ins. 


Fig. 2-4-A. Parts list and wiring diagram of the 
crystal filter exciter. 


BS R27-—250,000 ohm, 


We 
R2, R6—2,7000 ohm 1w. 
R3, R7, R12—47,000 
ohms, 2w. 
R4, R11—100,000 ohms, 


low. 
R5—22,000 ohms, 2w. 
R8—500,000 ohm 
potentiometer. 
R9, R17, R20—220 ohm, 
lw. 
R10, R18, R19, R21, R22 
—22,000 ohms, lw. 
R13—120,000 ohms, tw. 
R14—1,000 ohms, l1w. 
R15—20,000 ohms 
potentiometer. 
R16—220,000 ohms, 1%4w. 
R23, R25—100 ohms, lw. 
R24—6000 ohms, 10w. 
C1—50 pwufd., mica. 
C2, C5, C10—1 pfd., 
200v., metallized paper. 
C3, C6, C11—0.1 wfd., 
500v., metallized paper. 
C4—1 ufd., 500v., 
metallized paper. 
C7—500 wufd., mica. 
C8, C16, C18, C19, C22, 


C24, C25, C26, C28, C29, 
C32, C33, C34—.01 pfd., 
600v. dise ceramic. 
C9—100 wufd., trimmer 
C12, C13—100 wptd., — 
mica (matched). | __ 
C14—8 to 30 uufd., ; 
compression trimmer. 
C15—47 ppfd., mica. — 
C17, C20—0.001 ufd., 
mica. 


C21, C23—140 pufd, per 


section, dual section. 
C27—120 pufd., silver 
mica. 
C30—140 mwyfd., air 
variable. : 
C31—0.005 pyfd., 600v., 
feed-through ceramic. 
Tl, T2—455-ke i-f 
interstage transformer, 
J. W. Miller. ; 
Sla, Silb—d.p.d.t. | ie 
ceramic wafer switch. 
Xtal A, B, C, D—see 
Edmunds, Nov., 1950 
QST. 
Xtal 1, 2, 3, 4, 5, 6—see 
text. 
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-. “taming down” the 6AG7. 
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The 6SB7Y tube was chosen as the mixer be- 
cause of its very high conversion-transconduc- 
tance. ‘This makes for a very “hot” mixer and 
a minimum of stages. 

The choice of the 2E26 as output stage was 
brought about after hearing the complaints of 
many of the boys who have experienced trouble 
The excellent iso- 


lation provided by the 2E26 was a “natural.” 


Also the fact that the 2E26 was capable of 
more output at higher plate voltage made it 
desirable for driving some of the larger tubes 
directly, without any additional amplification. 
The fewer amplifier stages you have to use, 
the less trouble you are going to have keeping 
the system linear—and linearity means a clean 
SSB signal. 

One note on construction in the 2E26 stage. 
Keep the grid circuits below the chassis, and the 
plate tank coil and tuning condenser above the 
chassis. Use of the ceramic feed-thru condenser, 


- C31, is recommended. 


Alignment 

After the filter is aligned per the original 
procedure and preceding suggestions, the fol- 
lowing should be done: Using the Ham-shack 
communications receiver set up the v.f.o. on 
approximately 4.45 Mc. Place SJ in the 4.0- 
Mc. position. Feed an audio tone into the 
microphone input, or insert carrier by advanc- 
ing R15. Tune the receiver to the difference- 
frequency of the low-frequency carrier crystal 
(Crystal A) and the v.f.o. This should be in 
the neighborhood of 4.0 Mc. If you are unable 
to find the signal at this point, lightly couple 
an insulated wire from the receiver antenna 
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post to the aaa of the 2E26, pin #5. With fie= a 
ganged condensers, C21 and C23, set about two- 
‘thirds engaged, adjust the slugs of L3 and L6 


for maximum signal as indicated on the re- — 
ceiver S-meter. Disconnect the receiver, use an 
output indication device (neon bulb or other 
rf indicator), and tune the 2E26 plate tank 
circuit to resonance. 

For 40-meter operation, change S/ to the 7.0- 
Mc. position and plug the 40-meter coil, L10, 
in the 2E26 output. First, tune the receiver to 
the frequency of the 3.3-Mc. crystal to make 
sure it is oscillating. Then, tune the receiver — 
to the sum-frequency of the 4.0-Mc. SSB signal - 
and the frequency of the 3.3-Mc. crystal. This 


should be in the 7.3-Mc. phone band. Adjust 


the slug of L8& for maximum output signal; 


then again resonate the 2E26 output tank cir- 


cuit by adjusting C30. 


You should now be ready for operation. The 
unit described should give between 10 and 15. 


watts output ‘‘without a sweat.” Properly load- 
ed by an antenna or by a following amplifier, 
the 2E26 should be perfectly stable and free of 
regenerative. tendencies. If such should not 
be the case, a swamping resistor should be 
placed across L10 to discourage self-oscillation. 
The exact value of this resistor will depend on 
how bad a case of instability you are afflicted 
with. Start with a high value and gradually 
reduce it until the stage tames down. It is 
better to be conservative in this matter and 
over-swamp slightly than to suffer periodic 
seizures of instability. Under normal operation 
the plate current of the 2E26 should kick up- 
ward slightly. No grid current. should es, in 
this stage, however. 
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The heart of the phasing rig is the audio 
phase-shift network. This formidable sound- 
ing gadget is merely a group of resistors and 
condensers chosen carefully and arranged in a 
certain way so that if a single tone in the voice 
frequency range is fed into the input the fol- 
lowing takes place: The voltage is immediately 
divided into two channels and the phase rela- 
tion of the separated voltages with respect to 
each other is changed, so that instead of the 
two voltages being in phase at all frequencies, 
they differ by 90° when they reach the two sets 
of output terminals. This 90° phase difference 
is maintained at all the speech frequencies in 
which we are interested—normally from 250 


cps to 3000 cps. The other requirement of the 


network is that the two output voltages must 
have exactly the same amplitude with respect 


to each other for all frequencies in the speech 


range. These are quite rigid requirements, and 
it was only in recent years that designers have 
been able to come up with practical networks 
that could be built.1° You will note that 1% 
components are used in the network—this ac- 
curacy is very necessary, and any deviation from 
this will adversely affect the degree of side- 
band suppression. 
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‘Chapter Ill 


The Phasing Method — 


3.1—R.F. Phase-Shift Networks 


There is one more phase-shift network in 
phasing exciters that must be considered. It is 
the 90° r-f phase-shift network. This is con- 
cerned with only one frequency (not a band of 
frequencies like the a-f network), and is a cinch 
to build and to understand. There are various. 
ways of obtaining r-f phase shifts. The easiest 
method is that of using two lightly-coupled 
tuned circuits as follows: One of the circuits 
is detuned on the high-frequency side to the 
3 db. point. (This is where the voltage across 
the tuned circuit is 3 db. or 70% less than the — 
voltage when tuned to the carrier frequency.) 
The other tuned circuit is tuned to the 3 db. 
point on the low-frequency side of the carrier. 
Under these conditions the voltages existing 
across,the two coupled link windings (see Fig. 
3-2-A) are 90° apart in the phase relationship. — 

Now that we understand all about these 
phase-shift networks (who said that?) let’s pro- 
ceed with the theory of what happens in a 
phasing exciter. Follow along with the block 
diagram, Fig. 3-1-A. The speech amplifier out- 
put is fed into the audio phase-shift network, 
where, as we mentioned, two equal outputs are 


DOUBLE SIDEBAND 
SUPPRESSED CARRIER 


A SIGNAL 


SINGLE SIDEBAND 
SUPPRESSED CARRIER. 
SIGNAL 


ae: 


Fig. 3-I-A. This is a block diagram of the “SSB, Jr.'' shown on the 
following page. It is a fundamental-frequency type of phasing exciter. 
Full details in the Nov-Dec., 1950 issue of the "G.E. Ham News." 
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Sideband 


Above chassis rear view of 


the -SSB,Jr.": 


(Courtesy “‘G.E. Ham News’’) 


obtained. These equal outputs are each fed 
into separate diode balanced-modulators. These 
balanced modulators are crystal mixers (men- 
tioned in the section on heterodyning in Chap- 
ter II) that are arranged so that the mixing 
oscillator voltage is balanced out in the output 
tank circuit. The r-f carrier is generated in a 
crystal oscillator and fed into the r-f phase- 
shift network, where the two outputs are fed 
into the balanced modulators mentioned above. 

Look again at what we have. We have two 
separate channels where a carrier is combined 
with a modulating frequency. The carriers 
have the same frequency, but are 90° out of 
phase with each other. The modulating fre- 
quencies in the two channels are the same am- 
plitude, but also differ by 90° from each other. 
The individual balanced modulator output 
consists of a double-sideband suppressed car- 
rier signal. Remember—we balanced out the 
carriers. hese two sets of sidebands are then 
“combined in a common tank circuit. | 


Sideband Switching 

All of this fooling around with phase rela- 
tionships now pays off. Let’s take a specific 
example: ‘The upper sideband voltages of the 
two channels will be equal in amplitude, but 
due to all the phase changes we have purposely 
made along the line the component voltages of 
the two upper sideband are exactly 180° out 
of phase. This means that when combined in 
a linear device like the tuned tank circuit, the 
upper-sideband voltages will cancel each other. 
However, the lower sideband voltages in both 
channels will not be out-of-phase, but will be 
exactly in-phase and will add up vectorially to 
give a lower-sideband voltage twice as large as 


In order to 
switch sidebands—attenuate the lower and 
transmit the upper sideband—all that need be 
done is to reverse the phase of the audio volt- 
age feeding one of the balanced modulators. 
This is done by interchanging any two audio 
leads going into one of the balanced modu- 
lators. 
Ordinary double-sideband-with-carrier trans- 
mission may be accomplished with a phasing 
transmitter. To accomplish this, one of the 
balanced modulators must be disabled, and the 
carrier of the other balanced modulator un- 
balanced sufficiently to provide enough carrier 
to permit proper demodulation of its side- 
bands at a distant receiver. There is one. good 
point about producing AM this way. If over- 
modulation takes place, negative peak clipping 
does not occur, therefore, there are no spurious 
splatter products generated. However, there is 


that existing in either channel. 


second harmonic distortion present upon detec- 


tion, but a fair amount of this may be tolerated 
before the signal becomes unintelligible. 
Phase Modulation 
Phasing-type exciters can also be made to 


produce phase modulation. Phase modulation 


is produced by having a double-sideband sup- 
pressed-carrier signal as produced in either of 
our balanced modulators combined with a car- 
rier that is shifted in phase by 90° from that 
originally present in the balanced modulator in 
question. This can be easily accomplished in 
our exciter by taking the sidebands with no 
carrier from one balanced modulator and add- 
ing a carrier with no sidebands from the other 
balanced modulator. Switches can be easily 
provided to do this. | 


eS a 


~ Phasing Exciters 


3.2—The Phasing Exciter 

We are grateful to W9DYV of Central Elec- 
tronics for permission to publish a portion of 
his “Multiphase” exciter schematic. ‘These very 
popular units are available commercially, either 
in kit form or completely wired. 

The circuit is basically that of the ‘SSB, 
Junior,” devised by Norgaard,° but with im- 
provements that make multi-band operation 
possible. The original SSB, Jr. exciter was a 
fundamental-frequency operating gadget. It 
operated fundamentally at 4.0 Mc., and if the 
operator wished to QSY more than a few kilo- 
cycles, he found it necessary to realign the rf 
phase-shift network in order to maintain good 
sideband suppression. Wes, W9DYV, modified 
the idea by generating the SSB signal at a fixed 
frequency of 9.0 Mc. and heterodyning into the 
desired amateur band with a separate mixer 
stage, just as was done in the filter-type ex- 
citer. V.f.o. operation is, of course, possible 
when using this scheme. 

Remembering the foregoing discussion about 
the phasing method of generating SSB signals, 
we now refer to Fig. 3-2-4. Via and V1b are 
the usual speech preamplifiers. V2a is the a-f 
driver stage which feeds the audio phase-shift 
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network through the transformer, TJ. Con- 
struction by the average Ham, of the a-f phase- 
shift network, is possible, but a complete 
aligned unit is available for about the same 
price for which we could buy the necessary pre- 
cision stable components. . 


V3a and V3b are the dual-channel amplifiers 
wherein the audio balance is obtained by ad- 
justment of the cathode resistor, R18. The 
transformers, T2 and T3, are plate-to-low im- 
pedance line transformers used to drive the 
diode balanced modulators. W9DYV indicates 
that suitable units are not easily obtained on 
the market so he has special transformers built 
for his production needs. Switch, SJ, is the func- 
tion switch which permits selection of side- 
bands, or of AM or PM transmission. Studying 
the switch positions will show that changing 
from one sideband to the other merely inter- 
changes the connections on the output of -F2. 
while switching to the AM and PM positions 
disconnects the secondary of 73 from its asso- 
ciated balanced modulator. . ; 


The’ audio in the two separate channels is 
applied, in series with the rf. from the link 
windings on LI and L2, to the balanced modu- 
lators. YZ and Y2 are the diodes of the bal- 


Above chassis rear view of the Model !0B "Multiphase." This unit includes a 
power supply not shown in the general schematic of this exciter on the following 
pages. The output stage, V5, with plug-in coils is in the upper left in the shielded 


section. In the center of the chassis is V4. The audio phase shift network, PS-I, 
is mounted in the rectangular can beside the relay at the lower right. 


(Courtesy Central Electronics) 
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‘Coil Winding Data 


Li, L2—9.0 Mc., tank wound on Cambridge Ther- 
mionics slug-tuned form LS-3. 


L3—9.0 Mc., balanced mod. tank wound on LS-3 
form. 


L6, L7—15 Mc. v-f-o harmonic traps wound on 
~ form. 


-L6, L7—15 Me. 
LS-3 form. 


v-f-o harmonic trap wound on 


L8, L9—4.0 Mc., 80 turns #18 on 114” dia. plug- 
in form. 
7.3. Me., 
form. 


15 turns #18 on 1%” dia. plug-in 


Note—L1 throwzgh L7 may be obtained ready-made 
from Central Electronics. 


anced modulator involved with LI and T2. 
Likewise Y3 and Y# are associated with L2 and 
TS: 


The R-f Circuitry 


V2b is the 9.0-Mc. crystal oscillator, and 


utilizes LJ as its plate tank coil. The resonant 
frequency of the L1/C11 combination must be 
higher in frequency than 9.0 Mc., in order for 
the crystal to oscillate; therefore, to obtain our 
90° r-f phase-shift, L2 and C13 will have to 
be tuned lower in frequency than 9.0 Mc. You 
will notice that there is no physical connection 
from 12 to the oscillator tank. LJ and L2 may 
be mounted physically within a couple of inches 
_ of each other, and the circuit capacity furnishes 
sufficient coupling to do the job. Condensers C9 
and C10 prevent r.f. from getting into the audio 
transformers; yet they must not appear as a 
low reactance at audio frequencies. 
__ Carrier balance is accomplished by adjusting 
R23 and R24. Both must be carefully balanced 
in order to cancel the carrier completely. 
‘The balanced-modulator output transformer 
£3 is the point where the outputs of the two 
previously separate channels are combined. The 


additional double-tuned transformer, consisting 
of L4 and L5, is necessary to further attenuate 
the second-harmonic of the 9.0-Mc. oscillator, 
generated in the germanium diodes of the 
balanced-modulator stage. : 

The mixer stage, V4, is conventional with 
the exception of the trap circuits, L6 and L7, 
and their associated tuning condensers. They 
are necessary, when operating in the 14-Mc. 
amateur band, to attenuate the third harmonic 
of the 5.0-Mc. mixing voltage. The same v.f.o. 
may be used for both 4.0- and 14-Mc. opera- 
tion, for the difference between the 9.0-Mc. 
SSB signal and the 5.0-Mc. mixing voltage will 
put the output at 4.0 Mc. If the sum-mixture 
is selected by the mixer plate tank circuit, L8 
and C27, the output will be in the 14.0-Mc. 
amateur band. 

The output amplifier, V5, is the inevitable 


6AG7. The output is shunt-fed, and obtained | 


by means of a tap on the plate coil. 

The swamping resistors, R32 and R38, are 
usually necessary in order to stabilize the 6AG7 
stage. Without these resistors self-oscillation 
often results. The exact values of these re- 
sistors are not shown; the highest value of 
resistance commensurate with stable operation 
should be used. Always insure that all stages 


are rock solid before the unit is “buttoned up.” 


You will note, when in stand-by position ($3 
open), that there is a minus 100 volts of bias 
applied to the control grid of the 6AG7 and 
the oscillator grid of the 6BA7-mixer. This 
thoroughly squelches the output of the exciter. 
When $3 is closed, the mixer returns to its nor- 
mal operating condition, and an operating bias 
of about minus 10 volts is applied to the con- 
trol grid of the 6AG7. 


Forty-meter operation is also possible with 


this unit. However, it is not recommended that 
a mixing voltage at 1.8 Mc. be used, because of 
the various harmonics of this frequency that 


Ri—1 megohm, tw. 


R2, R5—2,200 ohms, lw. 


R3—100,000 ohms, 2w. 

R4—220,000 ohms, %w. 

R6—220,000 ohms, 2w. 

R7, R10—133,300 ohms, 

~ 1%, thw. 

R11—10,000 ohms, 1w. 

RS, RI—100,000 ohms, 
1%, Yow. 

~ R12—1 megohm 

_ potentiometer. 

R13, R26—47,000 ohms, 


- “foWe 
R14, R19, R21—1,000 
ohms, lw. 


R15—400 ohms, 1%, Yaw. 


R1ié6é—1400 ohms, 1%, 


_ tow. 

R17, R20, R31—560 
ohms, iw. 

- R18—i,000 ohm 

potentiometer. 


R22—100,000 ohms, %4w. 


R23, R24—1,000 ohm 
carbon potentiometer. 

R25, R35—1,000 ohms, 
Tow. 


R27—180 ohms, Yew. 

R28—4,700 ohms, 2w. 

R29, R20—15,000 ohms, 
5w. 

R32, R38—swamping 
resistor (see text). 

R33—56 ohms, lw. 

R34—22,000 ohms, Mw. 

R36—560 ohms, l4w. 

R37—100 ohms, lw. 

R39—10,000 ohms, tw. 

R40—100,000 ohms, 1w. 

C1, C3—0.005 pufd., 500v., 
paper. 

C2—8 wufd., 450v., 
electrolytic. 

C4—250 pyufd., mica. 

C5—2,430 pufd., (0.002 
wid., mica = 5% with 
170-780 wuftd., trimmer 
in parallel). 

C6—4,860 wufd., 
(0.0043 wfd., mica = 
5% with 170-780 uufd., 
trimmer in parallel). 


C7-—1,215 mwufd., (0.001 
pbfd., mica = 5% with 
50-380 mwufd., 
in parallel). 

C8—607.5 wuftd., (500 
wfid., mica = 10% 
with 9-180 mufd., 
trimmer in parallel). 


C9, C10, C12, C29, C35— 


0.001 mufd., mica. 

C1 1, C13—150 uyufd., 
mica. 

C14, C15, C16—0.005 
vfd., mica. 

C17, C18—0.001 wfd., = 
1% mica. 

C19, C20—150 wufd., + 
5% mica. 

C21; €22,;°C26;€235-C3t. 

C32, C33, C34—0.006 
ufd., mica or ceramic, 

C23—36. upfd., = 5% 
mica. 


C24—3 wufd., ceramic or 


mica. S 
C25—25 mwyufd., mica. 


ig. 3-2-A. Partial schematic of the "Multiphase" exciter. 


trimmer 


C27, C36—380 uufd., air 
variable. 

C30—0.1 ufd., paper. 

C37—0.25 mufd., paper. 

S1—3 pole, 4 position 
wafer switch. 

S2—d.p.d.t. wafer switch. 

S3—relay contacts on 
voice control relay 
(see text). 

T1— interstage trans- 
former (special). 
Central Electronics / 
Type 27AM-24. 

T2, T3—single plate to 
voice coil (special). 
Central Electronics 
Type 27A0-79 

(Note—T1, T2, T3 may 
be procured from Cen- 
tral Electronics, 
Chicago, Ill.) 

Y1, Y¥2, Y3, Y4—1N34 
Germanium diodes. 


~~ 


(Courtesy Central Electronics) 


Central Electronics 
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TO SPEECH = 
AMPLIFIER 
C4 
i 


Ores} 


TO 
RECEIVER 
VOICE COIL 


R9 
4.7K (W 


+300V 


Fig. 3-3-A. Voice control circuit for use in conjunction with the 
"Multiphase" exciter, or the filter-type exciter described in Chapter II. 


R1—250,000 ohm, t4w. 
R2, R5, R8—2200 ohm. 
lw. 


R6—10,000 ohm, 2w. 

R7—1 megohm, tw. 

R9I—4700 ohm, lw. 

C1, C3, C6—0.1 ufd., 
600v., metalized paper. 


R3—100,000 ohm, 2w. 


R4—250,000 ohm 
potentiometer. 


will ‘fall in or near the 7.2-Mc. phone band. 
These harmonics are not necessarily present in 
the v-f-o output, but are generated in the elec- 
tron stream of the mixer stage. In view of this, 
the use of a 16.2-Mc. v.f.o. is recommend- 
ed. This might take a little doing, but is not 
an impossible task. In any case, a frequency- 
stable v-f-o voltage of about 3 to 8 volts is 
needed. 


Alignment 


Adjust the 9.0-Mc. oscillator tank, LI, for 
oscillation of the crystal. With an appropriate 
mixing frequency fed into the v-f-o jack, and 
the receiver tuned to the desired mixture-out- 
put frequency, adjust L3, L4, L5, L8 and L9 
for maximum output with one of the carrier- 
balance pots slightly off-balance. 

Connect a oscilloscope to the output of the 
6AG7 amplifier and use a recurrent sweep rate 
of about 30 per second (see Chapter X). Now, 
carefully balance R23 and R24 for as perfect 
carrier balance as possible. Feed a steady tone 
of about 1000 cps from an audio oscillator into 
the microphone jack. Make sure that the audio 
wave-form is good and that nothing is being 
overdriven. You will see on the oscilloscope a 
pattern that resembles a modulated AM enve- 
lope. Next, adjust the audio balance control, 
R18, and the r-f phase-shift network, L2, for 
minimum ripple (or modulation) on the oscillo- 
scope pattern. The pattern for a properly 


Sl—s.p.s.t. toggle. 
T1—interstage audio 


C2, C4—1.0 pwfd., 200v. 
metalized paper. 

C5—8.0 pwfd., 450v. 
electrolytic. 

Ry1—5000 or 10,000 ohm 
vacuum-tube relay, 
s.p.d.t. 


transformer. Single 
plate to single or 
push-pull grids. 


aligned SSB exciter with single-tone input is a 
pure c-w envelope with no modulation. The 
presence of ripple indicates one of three things: 
(1) Presence of undesired sideband signal; (2) 
carrier unbalance; or, (3) bad wave-form in_ 
the input audio tone or distortion produced by 

overdriving the audio stages. 


3.3—Automatic Voice Control 
Operation 


Voice control operation may be accomplished 
by using the arrangement shown in Fig. 3-3-A. 
The theory of operation is quite simple. Some 
of the audio signal is taken from the speech 
amplifier ahead of the gain control (to insure 
independence of operation) and amplified .up 
to a relatively high level in Via and V1b. This 
audio is then rectified by the diode-connected 
half of the second 6SN7, V2a, and applied to 
the grid of the second-half of the tube, V2b. 
The plate current of V2b operates a high-im- 
pedance relay, which in turn operates the keyed 
circuits of the exciter. ese 

The filter exciter described in Chapter II 
may be keyed in the cathode circuits of the two 
mixer stages, plus the cathode of the 2E26. 
Proper precautions should be taken that the 
cathode lines are “cold.” Good by-passing at 
the tube socket will insure this. The phasing 
exciter should be keyed as shown by making 
S3 the relay contacts. -* 
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Chapter IV 


Lineor Amplitien Theory 


In the foregoing chapters we have shown 


how it is possible to generate single-sideband 
signals by either the filter or phasing method. 
The remaining problem is to amplify these 
signals to a high enough level so that they can 
hold their own in the presence of Ham band 
ORM. 

Let us take a quick look at the quality of 
the SSB signal we have generated in these two 
exciters. Either one of the two units, when 
properly aligned and operating conservatively 
into a proper load, is capable of 40 db. attenua- 
tion of the undesired sideband—this is the in- 
telligible stuff that we so painstakingly have 
filtered or phased out. There are also other 
sorts of signals that appear not only in the 
spectrum occupied by the undesired sideband 
but in the region of the transmitted sideband 
-as well. These signals are the products of dis- 
tortion in heterodyning and amplification of 
our SSB signal. These “distortion products” 
are not intelligible and are just so much gar- 
bage as far as conveying any sense to the 
distant receiver is concerned. The two SSB 
exciter units will have distortion products that 
are approximately 50 to 60 db. below the peak 
value of the transmitted sideband voltage. 
This is pretty darned clean. If we could just 
retain these attenuation ratios everything would 
be just dandy. Unfortunately, we can’t and 
upon trying to do so hangs the tale that fol- 
lows. 


4,|—Linear Amplification 

Let us look into the more important aspects 
of linear amplification. First, what is a linear 
amplifier? It is one that faithfully reproduces 
signal in the amplifier output circuit. 
all of the amplitude variations of the input 
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What classes of amplifiers are linear ampli- 
fiers? What-are some examples? Class A am- 
plifiers are the best known of the lot. The 
average plate current remains constant, the 
grid voltage never (but never) swings into the 
positive region and the distortion products are 
so low as to be negligible. Examples? The r-f 
and i-f amplifiers in your receiver are class A. . 
So are the microphone preamp and low-level 
stages in your modulator. The efficiency is 
quite low—the peak efficiency being of the 
order of 25°, to. 39%. 


Class AB; amplifiers are somewhat like class 
A amplifiers in that the grid never swings posi- 
tive and therefore never draws grid current. 
However, the average plate current will swing 
upward on peaks of input signal voltage. The 
efficiency is higher, maximum is approximately 
55%, but the distortion products are worse— 
not much, but enough to be noticeable. Since 
the two classes of amplifiers discussed above 
do not draw grid current there is no grid driv-— 
ing power required. Actually, this is not true 
because we must supply the grid circuit and 
coupling circuit losses. Fortunately, this doesn’t 
amount to much—a fraction of a watt, general- 
ly. We must, however, furnish a grid voltage 
swing from our driver sufficient to “get the show 
on the road.” 


A class ABs amplifier is a cross-breed of the 
AB, type and the full class B animal. The 
average plate current (as read on a plate cur- 
rent meter), will kick upward and the grid will 
swing into the positive voltage region for a 
portion of the excitation cycle and therefore 
draw grid current. The no-signal plate current 
is generally higher than that encountered in 
full class B stages. 
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The bias on the control grid is usually set 
so that the idling plate dissipation of the tube 
is approximately half of the maximum specified 
for the tube. When signal is applied the input 
eoes up, there is power delivered to the output 
circuit, and the remaining power not lost in 
the output tank circuit or coupling circuit 
appears as the operating tube plate dissipation. 
This operating dissipation does not exceed the 
maximum rating—at least not for long. More 
on this later. 

From the foregoing discussion I believe that 
you can sense that the class B amplifiers are 
the ones that get “horsed around” a bit. The 
plate current is run at a lower idling value by 


increasing the bias and the grid is usually 


driven farther into the positive voltage region, 
drawing more grid current, and requiring more 
erid driving power. The plate current swings 
over a greater range than do the previously 
mentioned classes of amplifiers. Corresponding- 
ly, the efficiency is higher .(theoretical maxi- 
mum is 78%) and the possibility of having 
more distortion products is greater. 


Non-linear?——-WHO, ME? 


This term “distortion products” keeps pop- 
ping up all the time. Just what are they? In 
conventional double-sideband AM we would 
call it splatter. Surely, I won’t have to draw 
pictures to explain that particular point. How 
are they generated in a linear (so-called, that 
is) amplifier? 

A true linear amplifier will produce output 
signals that are amplified replicas of the input 
erid signal. If the grid signal varies in ampli- 
tude between the limits of 1 to 2 volts, the 
output signal must vary between the limits of 
say 100 to 200 volts. As you can see we have a 
voltage gain of 100. But, suppose the output 
signal didn’t quite make the grade and varies 
between 100 and 185 volts for the same 1 to 2- 
volt grid swing mentioned. That, my friend, 
is non-linearity. Going on with this thinking, 
assume that we have an r-f linear amplifier 
with one tube and a parallel-tuned output cir- 
cuit tuned to the desired operating frequency. 
The non-linear condition will produce a funda- 
mental-frequency plate current pulse to flow 
in the tank circuit and also harmonic signal 
currents—the 2nd harmonic, the 3rd, etc. If our 
tank circuits has a good operating Q the har- 
monic signals will not be transferred to the 


output circuit. However, if we have an input | 


erid signal made up of more than one signal 
frequency—say a group of frequencies repre- 


senting a human voice—something peculiar ~ 


takes place. Each of these frequencies when 
passing through our non-linear amplifier will 
have harmonic frequencies generated that will 
be near 8 Mc., 12 Mc., 16 Mc., and so on if our 
fundamental operating frequency is at 4 Mc. 
As you might guess each of these harmonic 
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A new single sideband operator often won- 
ders just what “enough” sideband suppression 
might be in terms of decibels. Just how much 
should he have? Obviously, as much as pos- ~ 
sible, but practical limits dictate something 
on the order of the following: With an-eye to 
the future and continued crowded band condi- 
tions the signal should be clean enough to 
permit working on the same carrier frequency _ 
but opposite sideband from another group of 
SSB stations. This necessitates SSB receivers 
and all. The signal should have at least 25 db. 
suppression at the minimum, and 30 db. 
should be attained if at all possible. This is 
not too much to expect of amateur stations and 
amateur techniques. If single sideband is go- 
ing to be worth the trouble, it will certainly 
be worth the trouble to get the signal as 
clean as possible. After all—20 db. means 
that 1/10 of your signal voltage is appearing . 
in the adjacent channel—that is 1/100 of the 
output power, and for a kilowatt that is an 
appreciable amount of watts, Remember—aim 
for 30 db. suppression. The main’ thing to 
keep in mind is not to push the system too 
hard even though there is a rare DX station 
on the loose. 


frequencies will be slightly different from the 

others. We now are in a position to see how 

intermodulation distortion comes about. 

At this point we had best use specific num- 
bers and see how this works. Assume a sup- 
pressed-carrier frequency of 4000 kc. and gen- 
erate a lower-sideband. Pick two audio input 
frequencies for convenience—say 1000 cps. and 
2000 cps., which will net us: two sideband sig- 
nals at 3999 kc. and 3998 kc. respectively. Pass- — 
ing these through our non-linear “linear” am- 
plifier will produce the following. The funda- 
mental signals, 3999 kc. and 3998 kc. will cer- 
tainly appear in the output. 

Will the second harmonic, third harmonic, 
and so on appear? For all practical purpose, 
no. Not so fast, now. What are the figures for 
second harmonics? ‘The second harmonic of 
3999 is 7998 kc. and of 3998 is 7996: kes fhe 
third harmonic of 3999 is 11,997 kc. and of 
3998 is 11,994 kc. Since our amplifier is non- © 
linear it is capable not only of amplification 
but also of heterodyning. You remember in 
Chapter II we said that any non-linear device 
could be used as a mixer or heterodyne device. 

Keep in mind that any mixtures of the 
fundamental frequencies and any of the har- 
monic signals or mixtures among the harmonic 
signals themselves must fall near the 4000 kc. 
operating frequency to be of concern. All 
other combinations will be disposed of by the 
selective properties of the tuned circuit. 

Case 1. Mixing the 2nd harmonic of 3999 which 
is 7998 kc. and fundamental signal 3998 ~ 
kc.: 7998 plus 3998 = 11,996 ke. (will not 
appear in output). 

7998 minus 3998 = 4000 kc. (will appear 
in output). 
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Case 2. Mixing the 2nd harmonic of 3998 ke. 


(7996 kc.) and the fundamental signal fre- 


quency of 3999 kc.: 
7996 plus .3999> = 
appear). 
7996 minus 3999 = 3997 kc. (will appear). 
Case 3. Mixing the 3rd harmonic of 3998 (11,994 
kc.) and the 2nd harmonic of 3999 (7998 
kc.): 11,994 plus 7998—(will not. appear). 
11,994 minus 7998 = 3996 kc. (will appear). 
Case 4. Mixing the 3rd harmonic of 3999 (11,997 
kc.) and the 2nd harmonic of 3998 (7996 
ke.) 11,997 plus 7996—(will not appear). 
11,997 minus 7996 = 4001 kc. (will appear). 


We have considered only the 2nd and 3rd 
harmonics of the two signals fed into our am- 


plifier. The 4th, 5th, and so on might be 


significant also, but what we have done so far 
will illustrate the point very well. We have fed 


only two frequencies into the input of the am- 


plifier and look at what comes out to the an- 
tenna terminals! The original signals, 3999 kc. 
and 3998 kc., of course, are there. The follow- 


ing signals are also there: 4000 kc. (happens 


to be at the carrier frequency), 3997 kc., 3996 
kc. and 4001 ke. All but the last one are at or 
below the carrier frequency, but the 4001 kc. 
product is in the upper sideband. This is in 
the region where we have tried so hard to keep 
things from happening. The ones that fall in 


‘the lower sideband where we transmit our intel- 


ligence will not really annoy us unless our 
signal really “stinks to high heaven.” 


4.2—SSB and TVI 


Someone is bound to ask about the harmonic 
signals that are generated in the above process. 
Do they cause TVI? The answer is generally 
no. If the output tank circuit has a loaded 
resonant Q of from 12 to 15 there is very little 
danger of any appreciable harmonic energy 
being transferred to the antenna circuit. 

Actually, the 2nd harmonic currents pres- 
ent in the output tank circuit of a class B 
amplifier are only about 3 db. less than those 
in the same amplifier operating in class C. 
However, the grid driving requirements of the 
class B case are so much less that it is generally 
conceded that here lies the secret of the TVI- 
less operation of the SSB transmitter. 

Harmonic TVI, as you know, is the one that 
is hard to eliminate. ‘The possibilities of front- 
end over-load are about the same as with any 
other transmitter of equivalent power. The SSB 
gang have a little saying concerning harmonics. 
It is, “If you don’t generate ’em, you can’t 
radiate ’em.” 


4.3—-Linearity—How to Get It 


The picture has been painted pretty black 
so far. We have seen what distortion products 


11,995 ke. (will not 
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are and how they come about. The cure isn’t 
really so unpleasant. It is just following good — 
common sense. The following sections will 
deal with the different localized causes of dis- 
tortion and how to overcome them. 


Grid Circuit Distortion 


This is probably where the greatest troubles 
are caused in the average amateur linear ampli- 
fier. These fall-into three general classes: 

1. Grid bias troubles. The bias may be too 
high causing the tube to operate on the non- 
linear “knee” portion of its characteristic curve 
near cut-off. The bias might also be too low. 
This causes the idling tube plate dissipation to 
be excessive. A visual check will usually warn 
you of this condition. Where the exact value 
is not known a handy rule-of-thumb to use 
when adjusting bias on a linear amplifier is to 
adjust the no-signal plate input so that the 
plate dissipation of the final tube (or tubes) is 
at least 1/3 to 1/2 of the maximum rated tube 
plate dissipation. Another grid bias require- 
ment is that the bias voltage must remain con- 
stant under all operating ~conditions. This 
dictates that there must be no resistance in the 
erid circuit whenever any grid current whatso- 
ever is drawn. The bias supply, whether elec- 
tronic or battery, must have no internal re- 
sistance—either use regulator tubes on a supply 
or a new battery. There is one obvious way 
to dodge this particular problem—that is to use — 
zero-bias tubes. More about this later. 

2. Grid signal voltage regulation. If the 
amplifier being considered never draws any 
grid current (as in class A or class ABj) this is 
of no concern. However, if the grid at some 
time during the grid excitation cycle swings 
positive and draws grid current the load on the 
driver stage increases sharply and causes the 
erid signal voltage to drop from its otherwise 
no-load value. This trouble is primarily not in 
the grid circuit, but is dependent on the so- 
called “internal resistance” of the driver stage. 

Back to our driver stage in the transmitter. 
To maintain the grid voltage during the periods 
of heavier loading (during grid current 
periods), we can lower the “internal resistance” 
of the stage by raising the tuned circuit Q 
(lower L to C ratio) along with some swamp- 
ing of the driver stage plate circuit with a — 
resistor but to keep things going, we will re- 
quire more power from the driver stage. A 
healthy attitude to take about this matter is to 
plan on generating about four times the power 
you expect to use in driving the final ampli- 
fier stage and then swamp the remaining three 
quarters of the power with a resistor across the 
driver tank. Sure, this is wasteful, but in the 
long run is well worth the trouble. 

3. Grid drive. Obviously, the grid can be 
over-driven and the stage goes into “saturation” 
—as some say. This over-driving will cause flat- 
tening of the peaks of the output wave-form 
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and produce distortion in large quantities. Con- 
versely, the grid can be getting too little drive 
and the driving stage can be called upon to 
deliver more than it is capable of and distor- 
tion will be generated in the driver, not in the 
final. 


Plate Circuit Distortion 


The plate tank circuit is the gadget that 
transfers the signal energy from the final tube 
to the antenna circuit. It also performs an- 
other valuable function as we mentioned before. 
It takes the half-sine waves that the tube 
furnishes and through the flywheel effect of 
the resonant circuit supplies the missing half 
cycle of the r-£ waveform. In order to do this 
the operating Q of the plate tank must be 
high enough so that the harmonics are at- 
tenuated, but not so high that the plate circuit 
efficiency falls off. The generally accepted 
limits of the loaded circuit Q are from 12 to 15. 

Distortion is created in an amplifier when 
the loading is maladjusted. If the loading is 
too light, the amplifier will be driven into 
saturation much: sooner than normal and the 
output power of course will be considerably 
reduced. If the loading is too heavy, the stage 
will not saturate easily, but the output power 
will be lower than that obtained at optimum 
coupling. Use some sort of output indicator 
(an r-£ ammeter in the antenna, or field in- 
tensity meter), and adjust the coupling for 
- maximum output for some high fixed value of 
input power. 

The plate tank circuit will be discussed later 
in this chapter in the section dealing with de- 
sign considerations. 


4.4—What Tubes? 


There are several schools of thought on the 
tube matter. There are the two basic divisions, 
tetrodes versus triodes. Then in the triode class 
there are again two main groups of adherents: 
(1) those who prefer the zero bias tubes with 
their freedom from biasing troubles and severe 
swamping requirements, and (2) those who pre- 
fer to use the low-mu triodes with their high 
bias requirements so that high power may be 
obtained without going into the grid current 
region at all 

Each has its advantages and disadvantages. 
The zero-bias tubes will give higher stage 
efficiency (about 70%), there is no sharp transi- 
tion from no-grid current to grid current region 
since it draws grid current as soon as even a 
small amount of grid excitation is applied. It 
will load the driver heavier at higher levels, 
but the sharp transient is missing and _ less 
swamping is needed than where a heavily biased 
tube is driven into the grid current region. 
The zero-bias stage is reasonably free of in- 
Pees ee distortion when properly operat- 
ed. 


The low-mu tube operating in class ABI 
requires practically no driving power, but will 


require a fairly high grid voltage swing in 


order to drive the tube to its full capabilities. 
The distortion products from this type of 
operation are very low—almost as low as class 
A operation. The only possibilities for trouble 
would be in the tube characteristic itself or in 
improper loading or drive as explained earlier. 
The stage efficiency is lower (50 to 55% but that 
is the price you pay for a cleaner signal. It is 
my own opinion that a clean signal is to be 
desired even at the expense of total output 
power. 

There is of course the middle ground in this 
matter, the tube that requires some value of 
erid bias that is driven into the grid current 
region for just a portion of the grid excitation 
cycle. This is the baby that you have to swamp 
heavily to give good grid signal-voltage regula-— 


‘tion. This “middle ground” case unfortunately 


is not a compromise from the standpoint of 
distortion. Generally, it has more severe distor- 
tion present in the output than either of the 
previously mentioned triode cases. . 

This brings us to the next major class of 
tubes—tetrodes and pentodes. These, too, have 
their advantages and disadvantages. Their 
chief advantage is in the low driving power 
requirements and relatively low grid signal 
voltage required for full output. One of the 
chief objections to using the larger tetrodes is 
the necessity of a stiff regulated screen power 
supply. Ordinary voltage regulator tubes (VR- 
150, VR-105, etc.) will be suitable for many 
tubes while others will require the full treat- 
ment. This means that an electronically reg- 
ulated supply using 6L6’s, 6Y6’s, or 6AS7’s must 
be constructed, or a shunt regulated arrange- 


_ ment using a small transmitting tube and drop- 


ping resistor from the plate supply as suggested 
by W2AZW.483 The shape of the tube charac- 
teristic curves will probably have more effect 
on the distortion products in the output than 
anything else—if the circuit voltages are ac- 
cording to Hoyle. There are some tubes that 
Just aren’t suitable for use as linear amplifiers. 


4.5—What Circuits? 


Here again everyone has their own pref- 
erence. We shall try to review briefly what the 
various possibilities are. The two obvious gen- 
eral classes of circuits used’ are: (1) grounded 
grid, and (2) grounded cathode amplifiers. The 
grounded-grid amplifiers have some very attrac- 
tive features. There is generally no tuned cir- 
cuit needed for the input of the stage. There 
is no neutralization needed in the case’ of 
triodes, therefore the plate tank circuit can be 
single-ended, that is, no split-stator condenser 
and center-tapped coil. If zero-bias tubes are 
used this further simplifies the problem. See 
Fig 4-5-A for an example of what can be done— 


C1, C2, C3—0.01 wufd., 
600v., ceramic. 

C4—120 upufd., single 
section variable, air. 


C5—0.002 mfd., 2000v., 


mica. 

RFC1—50 turns #16 
enam. on 1” form. 

Vi—Any zero-bias tube. 


Fig. 4-5-A. Grounded-grid linear amplifier, 
Zero-bias tubes, such as, 811, 805, etc., work 
out nicely in this arrangement. | 


note the minimum of parts needed. So much 
for the advantages, and now for the disad- 
vantages. 

Grounded-grid operation will require con- 
siderably more drive than use of the same tube 
in the conventional grounded cathode arrange- 
ment. This extra drive is not lost, however. It 
appears in the output circuit of the final am- 
plifier as useful output. It is possible to get an 
output power from a grounded-grid stage that 
is greater than the d-c input to the plate circuit 
of the amplifier. This would make the ap- 
parent efficiency greater than 100%. As men- 
tioned this is because the driving power ap- 
pears as output power. Don’t get any ideas 
now—the FCC has taken care of what you are 
thinking about with the amateur regulations 
regarding grounded-grid operation. Another 
point to keep in mind is that tetrodes cannot 
be used successfully in grounded-grid service 
because the presence of the screen grid will 
tend to make the circuit oscillate ‘at signal fre- 
quency. Most pentodes also cannot be used for 
this reason because the isolation provided by 
the suppressor grid is not usually enough to 
prevent self-oscillation. ‘Tetrodes and pentodes 
can be used in a “cathode driven” arrange- 
ment by not bypassing the screen and sup- 
pressor grids to ground—but to cathode. ‘This 
is then not strictly speaking ‘“‘grounded grid 
operation” but should be considered as a pos- 
sible way to make use of some of the attractive 
power tetrodes such as the 4-250A or the 4-400. 
Still another point—never use a grounded-grid 
stage as a driver stage where the driven stage 
reflects a changing load back into the ground- 
ed-grid stage because this changing load will 
in turn be reflected back one stage more into 
the driver’s driver. Confusing, isn’t it? Con- 
fusing or not, the results are bad—more distor- 
tion than is healthy. 
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Again referring to Fig. 4-5-A, you will notice 
that a filament choke is necessary to keep the 
filament transformer capacity to ground from 
shunting the r-f driving voltage. The other 
alternative to using a choke or tuned circuit 
in the filament wiring is to procure a special 


low-capacity filament transformer that some of 


the surplus radar sets were blessed with. 

It should be pointed out that the arrange- 
ment shown in Fig. 4-5-A will operate satisfac- 
torily but the stage efficiency will be improved 
by using a tuned circuit in the cathode. This 
is necessary to provide a low-impedance path 
from ground to cathode for the harmonic com- 
ponents of the tube plate current. The cathode 
should be tapped down on this tuned circuit 
for the proper impedance match. See Fig. 
4-5-B for modification. 

Coming now to the more familiar grounded- 
cathode amplifiers we find circuits that we have 
been using for years in class C stages. See Fig. 


4-5-C. There is really nothing new about the 


actual circuits. It is only the operating voltages 
on the control grid and the amounts and kind 
of driving signals that are different in linear 
amplifiers. ‘he conditions that go to make a 
good class C amplifier are the same that help 
to make a good linear amplifier. By these I 
mean good tank circuit Q, freedom from oscil- 
lation and parasitic oscillations, good mechani- 
cal lay-out and construction, and so on. As 
outlined earlier the stage may be operated in 
various modes of linear operation. The driving 
power is generally modest and can be furnished 
by either of the exciters described in Chapter 
II or Chapter III. 


4.6—Design Considerations 


Much of the work in developing a design 
procedure has been done by Reque.34 In this 
article, W2FZW tells how to design circuits 
and select operating voltages for tubes which: 
no class B ratings are given. 

If you will consult the tube manuals you will 
generally find that the audio ratings for a tube 


70 L2 


| 440 VAC | 
Fig. 4-5-B. Variation of the input coupling 
method shown in Fig. 4-5-A. 


Cn—Neutralizing con- 
denser, value depends 
on circuit and inter- 
electrode tube capacity. 

RFC—2.5 mh., 250 ma. 

Vi—Zero-bias tube, such 
as, 811, 805, ete. 


C1—250 wyufd., variable. 


C2, C3—0.01 pmfd., 
ceramic, 600v. 


C4—200 uwufd. per sec- 
tion split-stator, trans- 
mitting type. 

Fig. 4-5-C. Conventional grounded cathode 
linear amplifier stage using a zero-bias tube. 
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are given for class A, AB;, ABs, and class B. 
We merely transfer our operation into the r-f 
realm and we are on our way—almost! In audio 
work we are accustomed to ordering a trans- 
former that properly matches the tube grid 
impedance and likewise the plate impedance to 
whatever load we are using. We can’t be quite 
as glib as this in r-f service. We have to choose 
our tuned circuits with discretion in order to 
accomplish the same end. 

Let us take a specific example and work 
through it and end up with some answers that 
we can put to work for us. For the low-power 
boys let us choose the 6146 pentode that has 


made such a hit. Table 4-6-A is extracted from: 


the RCA tube manual for the 6146 in audio 
service (two tubes). 

Table 4-6-A tells quite a story. The triode 
connected ratings were listed just for your in- 
formation. You can appreciate the advantages 
of pentode connected operation without any 
trouble. 

You must now make up your mind as to the 


details of the final product. ‘These include: 
number of tubes, series or parallel operation 
of tubes, class of operation. Let us say for the. 
sake of argument that we want to use two 6146 
tubes in some sort of linear amplifier. 
Consulting Table 4-6-A we see that pentode 
connection in AB, will give use 120 watts output 
while ABg operation will give only 10 watts 
more—130 watts. Since ABz operation involves 
operating the tubes partially in the grid cur- 
rent region with all of its attendant troubles we 
would be wise to choose class AB, and sacrifice 
the 10 watts of output. Since we have chosen 
the class AB; mode of operation, the design of 
the grid tank circuit becomes no problem at 
all. Our only problem now is to furnish the 
erids with sufficient voltage to swing them 
throughout their full range—100 volts peak-to- 
peak for tubes in push-pull. If the exciter is a 
little puny on output and you think that getting 
the class AB; mode of operation, the design of — 
approach. Employ link coupling between the 
exciter tank and the final grid circuit and put 
a higher L to C ratio tank circuit in the grid 
circuit than you have in the exciter output 
tank. This will give you a voltage step-up as in 
an ordinary transformer. The resonant im- 
pedance of the grid tank will be higher accord- 
ingly but this is perfectly o.k. since the grid 
draws no current and appears as a very high 
impedance itself. Nore: The 100 volts grid 
swing needed was for push-pull operation. This 
means if only one tube is used the drive needed 
is 50 volts peak. The same is true if the tubes 
are operated in parallel—only 50 volts. 
Next is the design of the plate tank circuit. 
Remember, we said that we wanted a loaded 
Q of between 12 and 15—keep this in mind. 
Every tube for a given set of operating voltages 
has a plate resistance that depends on the 
swing of the a-c plate signal voltage and the 
swing of the plate a-c signal current. We don't 
have to worry about calculating this value be- 
cause the tube manufacturers have been kind 
enough to dq it for us. In the case of the 6146 
tubes in push-pull the plate load resistance is 


Table 4-6-A 


ICAS Ratings 


d-c plate voltage 

d-c grid #1 voltage 

peak AF grid-to-grid v. 

d-c grid #2 (screen):v. 

zero signal screen current 
max. signal screen current 
zero signal d-c plate. current 
max. signal d-c plate current 
effective load (plate-to-plate) 
max. signal driving power 
max. signal output (approx) 


Class AB1 
(triode connected) 


Class AB2 
(pentode) 


Class AB1 
(pentode) 


750 v. 
~45 v. 
101 v. 
165 v. 
0.6 ma. 
21 ma. 
35 ma. 
240 ma. 
8000 ohms 


750 v. 
-50v. 
100 v. 
200 v. 
edema; 
27.5 ma. 
57 ma. 
227 ma. 
8000 ohms 


0 watts 
19 watts 


0 watts 
120 watts 


0. 03 watts 
130 watts 


Considerations 


8000 ohms. For one tube in r-f service, the 
proper plate load is 4000 ohms. Please note 
echever that the same tube in audio service 
with an untuned plate load would require a 
2000-ohm load impedance. Personally, I- don’t 
have any use for the resulting half-sine wave 
output so let’s forget the whole matter! 

_ From these values of load resistance, the de- 
sired circuit Q (12 to 15) and the operating 
frequency we can arrive at the values of tank 
capacity and tank inductance to use. ‘The 
formula to use is very simple and is as follows: 


Reactance (in ohms) = 
plate load resistance required 
loaded circuit Q 


The reactance is the inductive reactance or 
“Capacitive reactance that the coil and condenser 
will have at resonance. Notre: Inductive reac- 


tance is equal to capacitive reactance at reso- 
nance. 


For our two tubes in push-pull: 


8000 


= 533 ohms 
15 


Reactance = 


With this value of reactance we substitute it in 
the following formulas: 


| I 
CSET II 0915 Sot SRE ae eae stamina 
eae) DE ZO KPO GUA Is 
L (in microhenries) = pe Eas 
C228 KITE. 


where freq. is in megacycles 


and X. = Xz = 533 ohms (already deter- 
mined) 


For the 4.0 megacycle band: 


1 = 0.000075 ufd. 
6.28% 4.0% 533 ( or 75 wufd.) 


L — : a . 


C= 


) This means that we will have an effective 


tank capacity of 75 wufd. or a split-stator con- 
denser with 150 wpfd. per section in use. For 


the practical transmitter we would use a 220 


—pufd. or a 260 pwpfd. per section split-stator 


must be made in our tank L 
_ Since the plate load resistance of a single 6146 
‘tube is 4000 ohms, 


condenser in order to cover the entire band. 


Someone is bound to ask “Why not use the 
tubes in parallel and avoid the use of a split- 
stator condenser and a center- -tapped coil?” 
This idea is OK, but the appropriate changes 
and C values. 


two tubes connected in 
parallel will yield 2000 ohms. You can stick 
this value in the above formulas, and you will 


find that the tank circuit capacity has increased 
by a factor of 4 now being 300 uufd. instead of 
the 75 pp»fd. for push-pull service. 
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Parallel operation has likewise changed the 
size of our tank coil. It is now % of its former 
inductance—now being 5.2 microhenries. This 
means that if you are in the habit of buying 
commercial wound coils, for the parallel-con- 
nected case you should purchase a 40-meter coil 
and use it on 80 meters. Even in the push-pull 
case turns must be removed from the standard 
80-meter coil in order to attain the proper L 
to C ratio. 

You are now forced to make a decision as to 
which to use—push-pull or parallel. It is a mat- 
ter of personal preference—as the man says, 

“You pays your money and you takes your 
chances.” 

This business about the proper L and C 
values isn’t just so much bunk. If the basic 
rules are followed the tubes will run cooler, 
the maximum power will be transferred to the 
antenna, the harmonics will be down—in other 
words things will be running more efficiently. 


4.7—The 6146 Final Amplifier 


Using the values we arrived at in the design 
part of this article, we are now in a position 
to build an amplifier. Figure 4-7-A shows the 
push-pull arrangement and Fig. 4-7-B shows the 


C1—100 upfd., per 
section split-stator. 
C2; C3, C4;~C8s, C9, C10 


M—0-300 ma., d-c 
milliammeter. 


C11—0.01 pfd., 600v., R1, R2—100 ohms, Iw. 
ceramic. RFC1—1.0 mh., 125 ma., 

untirts tuto eae , Y-£ choke. 
section split-stator. 

C6, C7-——Coaxial con- RFC2—2.5 mh., 250 ma., 
densers made of vr-f choke. 


RG-58/U or RG-59/U 
with the shield 
grounds. 


Fig. 4- 7-B. Push-pull arrangement for class AB| 
using the 6146 tubes. See next page for coil 
details. 
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parallel-connected circuit. It is up to the indi- 
vidual preference which circuit is to be used. 
Care should be taken to isolate the grid and 
plate circuits. ‘The best policy is to keep the 
grid circuits below the chassis and the plate cir- 
cuit components above the chassis. However, 
if plug-in coils are to be used, the grid tank 
coil should be isolated by a large chassis shield 
or totally enclosed in a shield can or box If 
these precautions are taken, neutralization 
should not be necessary. Use of plenty of 
ceramic bypass condensers is recommended 
wherever possible. 

I know some of you are wondering about 
using the tubes at higher plate voltage, for ex- 
ample 1200 to 1500 volts. As explained in 
Chapter I, this will cause the peak power to be 
increased and because of the low duty-cycle of 
human speech, the average plate dissipation of 
the tubes will not be exceeded. 

_ Using Higher Plate Voltages 
_ There are certain precautions that must be 
observed when the plate voltage is raised, how- 
ever. In the particular case in question, the 
screen voltage should be lowered to 150 volts 
(regulated, of course), and the grid bias voltage 
must be raised until the no-signal plate dissipa- 
tion is again about half of rated maximum. It 
may be necessary to run the idling plate current 
above this value in order to get good linearity. 
If the idling dissipation is believed to be exces- 
sively high the amplifier grid bias should be 
controlled by a set of contacts on the voice con- 


6146 be 


+240 V B+ 
REGULATED 750V 
C8—325 muufd., single- 

section air variable. 
R1, R2—100 ohms, 1w. 
R3, R4—47 ohms, 1w. 
M—0-300 ma., d-c 


—SOVv 
BIAS 


C1—100 ywufd., single- 
section air variable. 

C2—0.001 befd., 500v., 
mica. 

C3, C4, C5, Cé—0.01 
bwfd., 600v., ceramic. 


- 6146 Linear Final 


Coil Table 


Fig. 4-7-B 


Li—Grid tank, end link. 
80 Meters—B&W 80MEL 
40 Meters—B&W 40MEL 


L2, L3—Parasitic chokes. Ten turns of #22 
enam. on R8 and R4. 


L4—-Plate tank. y 
80 Meters—B&W 40BEL 
40 Meters—B&W 20BEL 


Fig. 4-7-A 


L1—Grid tank. 
80 Meters—B&W 80MCL 
40 Meters—B&W 40MCL 


L2—Plate tank. 
80 Meters—B&W 80BVL with turns re- 
moved until C5 is 2/3 meshed at 4.0 Me. 
40 Meters—B&W 40BVL with turns re- 
moved until C5 is 1/3 meshed at 7.3 Mc. 


trol relay so that during periods of no speech — 
input, the amplifier is biased to cut-off or at 
least well within safe dissipation limits. When 
operating the amplifier under these conditions, 
you will have to be especially careful not to 
abuse ‘the tubes by whistling into the micro- 
phone for more than a very short time. Also, if 
carrier insertion is-used, keep the stage operat- 
ing at greatly reduced continuous levels so that 
the plates will not blush—not even a little! T'wo- 
tone tests cannot be generally made at full input 
except for very short periods because of the 
high average power involved. Under normal 
voice inputs, however, you will find that you can 
get approximately 400 watts peak sideband 
power output with 1500 volts on the plates. 
This is quite a signal for such a small package. 
You now have enough information to set up 
a medium-power SSB station and to operate it. 
For those who want to go “whole hog” and 
develop a full kilowatt of single sideband Chap- 
ter V will give some pointers and work through 
the necessary steps for “the full treatment.” 
Remember—one man’s linear is another man’s 
clear channel. | 


4.8—Two Tone Tests 


You hear SSB operators talking glibly about 
‘two-tone tests.’ They are referring to the © 
simple test that can be performed on a SSB ~ 
transmitting system to check the linearity of the © 
amplifiers. We must have some yard stick with 
which to check our amplifiers that have so 
“carefully” been designed and constructed. é 

The idea is briefly this: Feed two steady sine- — 
wave audio signals into the SSB exciter input. 


C7—0.001 yfd., 1000v., ee : 

mica. You can use two audio oscillators, or you can — 
inject carrier and feed just one tone into the — 
microphone input. The amplitude of these two * 
signals should be kept equal for the tests. Those — 
using the phasing exciter described in Chapter { 


milliammeter. 


Fig. 4-7-B. Parallel-connected 6146 class ABI 

final amplifier, This stage is capable of 120 

watts peak output. See box below for coil 
values, 


eee 
= 
; 


Two Tone Test 
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Fig. 4-8-A. Oscilloscope pattern showing the 
ideal envelope with a two-tone test in progress. 
No serious non-linearity present here. 


III can feed one tone into the microphone 
input and put the function switch in the AM 
position and leave the carrier balanced out. 
This will produce a double-sideband “two-tone” 
output. | 

‘Now, what to look for. Connect a oscillo- 
‘scope to the output of the last amplifier after 


Fig. 4-8-B. In this "two-tone" test pattern there 

is peak flattening due to either excessive drive, 

poor regulation on the driver stage or in- 
sufficient antenna coupling. 


approximating the proper loading with a dum- 
my load—never into an antenna except for 
‘short tests. Set the sweep rate on the oscillo- 
scope for 20 to 30 sweeps per second. If both 
signals of our two-tone test are equal we should 
see a pattern that resembles that in Fig. 4-8-4. 
This is the way the pattern should look if every- 
thing is operating properly. Increase the level 
of the two tones until the system starts to over- 
load—that is evident by flattening of the peaks 
of the pattern as shown in Fig. 4-8-B. If this 
point of maximum linear input is considered 
less than the final amplifier is capable of, you 
should determine if the loading on the final is 
heavy enough, or if the driver stage is over-load- 


ing before the final reaches its maximum grid 
driving requirements. A quick test for light 
loading is to throw the final plate tank circuit 
slightly off resonance and watch the pattern. If 
the flattening disappears as the oscilloscope pat- 
tern decreases slightly in amplitude the final 
is not loaded heavily enough and the proper 
steps must be taken to increase the antenna 
coupling. However, if the flattening remains 
the trouble is in the driver or the coupling 
arrangement between driver and final. Slightly 
tighter coupling between stages or at least more 
efficient coupling must be accomplished. 

If your oscilloscope pattern looks like Fig. 
4-8-C, your trouble is something else. Your grid 
bias is too high and must be reduced until the . 
two sine wave patterns cross the center-line with 
perfect sharp “X” patterns. This type of distor- 
tion is present at all levels of signal input and 
has been nicknamed “cross-over distortion.” Re- 
ducing the gain when operating the transmitter 
on the air will do little to clean up this latter 


Fig. 4-8-C. Sloppy cross-over characteristics 
are seen in this ‘two-tone" test pattern. The 
grid bias should be reduced until the cross-over 
(shown at the arrow) is a sharp "X'' as seen 


in Fig. 4-8-A. 


type of distortion. Gain reduction would, how- 
ever, help the peak-flattening distortion men- 
tioned first.. Don’t reduce your operating bias 
to the point where your tubes are dissipating 
more than their ratings call for. | 

‘This is by no means the last word on the two- 
tone test. For more extensive tests and informa- 
tion I recommend that you read the fine pair 
of articles by Long?! and Ehrlich.!? 
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Hints for Better SSB Operation 


An Antenna T-R Switch 


A ‘T-R switch is a device that permits using 
the same antenna for transmitting and receiv- 
ing without the use of an antenna change-over 
relay. It must protect the receiver input coil 
from being burned up by getting too much r.f. 
from the transmission line when the transmitter 
is operating. The T-R switch must also not 
affect the line impedance of the antenna feed 
line when the transmitter is operating. 


Such a device is shown in Fig. I1-1-A. It 
operates on the principle that a quarter-wave 
transmission line with a short across one end 
will appear as an open circuit at the other end. 
Instead of using actual transmission line for 
_ the purpose, an artificial transmission line com- 
posed of L2 in conjunction with C1 operates 
as one-quarter wavelength of line while LI and 
CI make up another section of quarter-wave- 
length line. The two coils LJ and L2 are 
identical so that the net result is that there is 
the equivalent of one-half wavelength of arti- 
ficial line between the antenna and the receiver 
terminals. One axiom of transmission lines is 
that whatever impedance appears across the in- 
put terminals of a half-wavelength transmission 
line will also be present at the output terminals 
of the line. Thus the receiver, sees the normal 
impedance of the antenna transmission line 
when it is connected to the receiver terminals 
of the T-R switch. One condition for proper 
operation has now been met. 


When the transmitter operates, the resonant 
circuit of L2 and CI will produce a high r-f 
voltage across C1 because the L to C ratio of the 
tuned circuit is very high. If the value of this 
r-£ voltage exceeds the ignition voltage of the 
neon bulb connected across Ci the bulb will 
light. Because of the voltage regulation prop- 
erties of the gas filled neon bulb the voltage will 
_be limited to about 60 volts maximum value. 
If the bulb were not present, the peak value 
of voltage would rise to several hundred volts 
for a one kilowatt transmitter. The neon bulb 
creates the effect of a short circuit across C1 as 
long as it stays ignited. This short circuit at 
the end of the one-quarter wavelength line com- 
posed of £2 and C/ appears as an open circuit 
when viewed from the antenna transmission 
line end of the unit. Thus the antenna is un- 
affected by the operation of the T-R switch. 
The 60 volts appearing across C1, when trans- 
formed down through the action of the left- 
hand quarter-wavelength line composed of LI 


and CJ, appears as a very low voltage at the 
receiver terminals. | a 

As already mentioned the LZ to C ratio of the 
system must be very high in order for the volt-. 
age appearing across CI to be high enough to 
fire the neon bulb as soon as possible. 

The coil data for the amateur bands of 80 
through 10 meters is shown in Fig. 11-1-A. 
For all the bands the unit should be peaked 
by adjusting Ci for a maximum receiver back- 
ground noise or for maximum signal when 
tuned to a station. When changing bands with — 
the receiver it will be noticed that the receiver 
will have little sensitivity unless the coils in 
the ‘I-R switch are also changed to the proper 
set. 

The 2-watt neon bulb used must not have a 
series resistor in its base. If there is any ques- 
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ia LINK WINDING 
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10T #32 | 

55T #26 

| 14.0 me | me | 8.8yh | ph 30T #20 | 
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2.2 yh 13T #20 


Figure |1-I-A 


tion in the builder’s mind regarding this point 
the base should be removed carefully and the 
unit examined. A pan of boiling water will 
usually serve to soften the cement used to 
fasten the metal base to the glass bulb. 

The bulbs appeared to stand up well when 
using a full kilowatt of SSB, however, it is not 
advised that the unit be used for a continuous 
type of service where the average power is in 
the neighborhood of one kilowatt. input, such 
as AM or radio-teletype. Under these condi- _ 
tions the continuous power will be too high for. 
the 2-watt size bulb. In this type of service a — 
change-over relay is advised since the change 
from transmit to receive does not take place as 
frequently as with voice-controlled SSB opera- 
tion. 
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In this chapter I would like to describe some 
of the aspects of designing high-powered linear 
amplifiers and also the practical slant on the 
subject. As it always turns out, the manufac- 


turers never seem to build just the exact coil | 


or condenser you dream up on the design pad. 
Obviously, they cannot predict all the desired 
values, so the amateur must make intelligent 
substitutions in order to preserve the original 
design ideals. 

The amplifier to be described uses the well- 
known imac 304TL that gathers dust in many 
attics. The 304TL is a low-mu, high transcon- 
ductance triode, that falls into the more desir- 
able class of linear amplifier tubes mentioned in 
Chapter IV. To review briefly: ‘The low-mu 


The EIMAC 304TL is an ideal low-mu triode 


power amplifier for use in a linear stage. 
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Chapter V 


High Power Linear Finals 


tubes require a high d-c grid bias and accord- 
ingly a high grid signal voltage swing to afford 
economical utilization. However, if the posi- 
tive grid operating region is avoided, no grid 
driving power is required and at the same time 
a respectable output is obtained. Also, if no 
erid current is drawn the foremost cause of 
distortion products is avoided—poor grid signal 
voltage regulation. 

We must make up our minds before we start 
just what we want to end up with. Do we want 
to drive the stage into Class B operation by 
going into the positive grid current region? 
Or should we avoid grid current? If we choose 
to stay out of the grid current region, our grid 
tank circuit can assume almost any proportions 
of L and C, but once we have done this we 
must never draw grid current or we will really 
be in hot water because the grid-voltage regu- 
lation will be poor. On the other hand if we 
resign ourselves to operation in the grid cur- 
rent region for at least a portion of the excita- 
tion-voltage swing, and design our tank accord- 
ingly, we can operate in the no-grid-current 
region with a clear conscience. In the event of 
an occasional pulse of grid current the grid- 
signal voltage will hold up. 

My advice? Do the latter—design the tank 
for grid current operation and play safe. There 
is a price that we have to pay for this peace of 
mind. In order to stabilize the grid signal volt- 
age under load changes, we must swamp the 
erid tank circuit with a resistor which con- 
sumes a fair amount of power whether we are 
in the grid-current region or not. 

The material that follows differs considerably 
from that originally published in CQ Magazine. 


5.1—Plate Tank Circuit Design 


For academic reasons we will list the perti- 
nent information on the 304TL as listed in 
the Eimac characteristic sheet. (See Table 5-1-A.) 

You will notice that this Table is for two- 
tube operation. The amplifier in question uses 
only one tube so appropriate changes must be 
made. The author’s high-voltage supply is 


40 - 
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Plate Tank 


capable of 3000 volts with good regulation, so 
the design was worked out with 3000 volts d.c. 
in mind. Going down Table 5-1-A in order of 
listing, the circuit condition for single-tube 
operation should be: 


Plate Voltage — 3000 v. . 
D-c grid voltage — negative 290 v. 
Zero sig. Ip — 65 ma. 

Max. sig. Ip —- 400 ma. 
Effective Load — 4550 ohms 
Peak a-f grid voltage — 390 v. © 

Max. sig. peak driving pwr. — 55 w. 


Max. sig. plate power output — 900 w. 


You may also note that this extracted tube 
data differs from that published in CQ Maga- 
zime in that the above data shows greatly in- 
creased grid driving requirements and corre- 
spondingly higher output power. At the time 
of writing the earlier material, the author had 
an obsolete data sheet. Since then I have been 
informed by the Eimac Co. that the method of 


CLASS AB2 AUDIO AMPLIFIER OPERATION 
2 TUBES, TYPICAL OPERATION 
DC PLATE VOLTAGE 4500 |2000 
DC GRID VOLTAGE -118 1-290 | 


Table 5-I1-A 


rating the tubes for linear service has been 
changed. They now indicate maximum signal 
peak driving power: and voltages which are 
more in line with what is needed for driving 
impedance calculations. 

We will assume a loaded plate tank circuit 
Q of 15. This Q is the ratio of the load im- 
pedance to the reactance of either the tank con- 
denser or tank coil since the two reactances are 
equal at resonance. In formula form: 

Rl 
ng X Ee 
where we know Q and Rl (equal to 4550 ohms). 
The thing we want to know is the reactance 
X so rearranging we obtain 


Rl 
Xe eee 
2) 
If we stick numbers in our formula: 
4550 oh 
Xx = os 303 ohms 3. 


So for a Q of 15 our tank condenser and coil 
must have reactances equal to 303 ohms no 
matter what band we are operating on. 

Some one will ask, “Why use a Q of 15?” 
It is like this: If we increase the loaded tank 
Q we will decrease the tank circuit efficiency 
so that the tank circuit losses become greater. 
However, if we decrease the loaded Q the 


stage efficiency will go up toward the theoretical 
limit of 78%, but the selective properties of 
the tank circuit will deteriorate so that har- 
monics of the fundamental signal will not be 
suppressed. From experience it has been found 
that a loaded Q of from 12 to 15 is satisfac 
tory. If you must vary from these limits, my. 
advice is to err toward higher values of loaded 
Q even at the expense of a few watts output. 
Next in our figuring is to get some condenser 
sizes: Effective plate to cathode capacity 
Ce | 
S628 SF eee 4. 
where f is the frequency in megacycles, X is the 
303 ohms reactance, and the capacity C comes 
out in microfarads. Again plugging in num- 


bers: (For 3.9 Mc. operation) 
! 


ire 6:28: x: 3.9 x 505 iF 
= 0.000135 ufd. or 135 uufd. See Fig. 5-1-A for 
the final arrangement of the plate tank circuit 
components. The calculated plate-to-cathode 
Capacity is maintained while the circuit is ar- 
ranged for plate neutralization. 

We must: now choose our tank coil. From 
our known value of effective tank capacity (67 
uufd.) and the frequency we can calculate the 
size of our coil. The formula to use is: 

I 

ARS IO ie 6 6. 
where L is in microhenries. f is in megacycles 
and C is in microfarads. For our 80-meter band 
case where C is 67 pufd., the inductance comes 
out to be approximately 23.3 microhenries. 
Consulting the catalog, the Barker & William- 
son Ham-band coils run as follows: ‘The 
80OTVH coil has an inductance of approxi- 
mately 43 microhenries and the 40TVH coil 
has approximately 20 microhenries inductance. 
Our value of 23.3 uh. falls nearer to the 20— 
uh. value than the other, so we choose the 
BoW 40TVH tank coil. This compromise in 
choice will raise the loaded tank circuit Q 
slightly, but not enough to concern ourselves 
about.* 

I’m sure that someone is going to bring up 
the fact that the 407VH coil is only rated at 
500 watts. Very true, indeed. Don’t forget this 
rating is for AM or CW transmitter use where 
the continuous power input might be on kilo- 
watt. In our single sideband case, however, our 
power input is one kilowatt on peaks of the 
speech input and the average power (the thing 
that burns up components) is considerably 


* If the builder desires to use either E. F. Johnson or 
Bud plate tank coils the inductance values are’ as 


follows: 
Bud type VLS80 28.5 wh. 
Bud type VLS40 17.2 uh. 
Johnson type 500HCS80 45 wh. 
Johnson type 500LCS80 27 wh. 
Johnson type 500HCS40 19 wh. 
Johnson type 500LCS40 10 gh. 
These values should also prove helpful in selecting 
coils for the higher frequency bands. 
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Fig. 5-!-A. Arrangement of tank tuning capac- 

itor and inductance for 80-meter operation. 

The method of calculating the values is de- 
scribed in this text. 


less—usually well below one-half kilowatt. If 
you make it a practice to operate CW or to 
insert carrier using this amplifier, remember to 
keep the maximum continuous input power 
below one-half kilowatt just so the coil does 
not melt down. Remember! Reduce the power 
input by reducing the grid drive not by re- 
ducing the antenna coupling. The latter will 
cause the r-f tank voltage to be abnormally high 
and hasten the coil’s demise. If additional 
ventilation is, provided, this one-half kilowatt 
limit can be increased somewhat. 

How about the coils and condenser settings 
for the 40-meter and 20-meter bands? Running 
through the same calculations that we did for 
80-meters except substituting the 7.2 Mc. where 
we had 3.9 Mc. previously, we came up with 
the following: Split-stator tank condenser set- 
ting—65 wufd. per section; coil inductance re- 
quired 15 microhenries. Again we are stuck 
with a compromise—the value desired is closer 
to the 20 wh. of the 407VH coil than the ap- 
proximately 6 wh. of the 20TVH coil, so again 
we can use the 40TVH coil for 40-meter opera- 


AMPLIFIER PLATE TANK CIRCUIT 


AMATEUR EFFECTIVE TANK CAPAGITY RECOMMENDED 
BAND (PER SECTION) B&WCOIL 


80 | 435 puta & PADDERS (SEE TEXT) | 40 TVH 
40 TVH 
20 TVH 


Table 5-1-B 


tion. This will lower our loaded Q to our self- 
imposed lower limit of approximately 12— 
which is still a safe value. 

The 20-meter band parameters come out as 
follows: Per section tank capacity 33 uufd.; 
coil inductance required—7.6 wh. The 20TVH 
coil has an inductance of 6 wh., so that is the 
one to use. Again our loaded Q is just a little 
above what we decided upon, but within rea- 
son. Table 5-1-B gives these figures in a little 
more available form. 


Grid Tank Circuit Design 


Now that we have the plate tank circuit out 
of the way we can concentrate on the grid 
tank circuit. ‘The author’s particular line-up 
used an 829B in the output of the exciter to 
drive the final. The 829B had 500 volts plate 
supply voltage and is capable of delivering 


about 100 watts peak power output. This is 


obviously a lot more than necessary to drive 
the 3041TL amplifier under even the worst of 
conditions. | 

The philosophy of generating more driving 
power than is actually required is one that I 
recommend all SSB neophytes follow. This 
philosophy is not only good in SSB work but 
in CW and AM as well, but the fruits are more 
apparent on the distant receiving end in the 
case of SSB. Cleaner, distortion-free signals 
will be the result. 

Consulting our extracted tube-sheet (Table 


5-I-A) characteristics again, we see that there 


are three items that concern our grid circuit: 
the d-c grid bias, peak grid voltage, and grid 
driving power. For the chosen plate voltage, 
the grid bias is -290 volts. This can be fur- 
nished from any negative supply with 300 volts 
of voltage-regulator tubes hung across its out- 
put. This is what was done in the-transmitter 
described and is a rock solid supply. The au- 
thor finds that the 304TL tubes vary consider- 
ably from tube to tube and on some tubes it is 
necessary to decrease the d-c grid bias to 255 
volts to properly adjust the idling plate cur- 
rent to a value where good linearity is obtained. 
Don’t be disturbed by this; just plug in another 
type of VR-tube and forget it. 

To get to the actual tuned circuit we pro- 
ceed along the same general lines that we did 
in the design of the plate tank circuit. 

We must find what resistance is represented 
by the grid when it takes driving power and 
swings into the grid-current region of opera- 
tion. The equivalent grid resistance is: 


Rieal = Peak Grid Voltage 7. 


Peak Fundamental Grid I 
where the Peak Grid Voltage is 390 volts (from 
Table 5-1-A) and the Peak Fundamental Grid 
Current must be determined graphically from 
the tube curves. Eimac furnishes transparent 
overlays and brief instructions on how this is 


An example of a coil that will handle the peak 
powers involved in the circuits described in 
this chapier is the E. F. Johnson 500HCS80. 


42 


done. A few minutes spent with this procedure 
reveals that this value of fundamental-frequen- 
cy peak-current is approximately 50 ma. This 
is mot to be confused with what is to be ex- 
pected on the grid current meter while operat- 
ing. Substituting numbers in our little formula 
we find that R(eq) is equal to 7500 ohms. This 
is the equivalent grid driving resistance for 
the circuit conditions set up. Unfortunately, 
this does not remain constant during the com- 
plete driving voltage cycle because there is a 
fair share of the time when the tube is draw- 


ing no grid current at all. When no grid cur=. 


rent is drawn the tube grid looks like a re- 
sistor with almost infinite resistance. As soon 
as grid current is drawn this infinite resistor 
lowers its value to as low as the calculated 
7500 ohms. This is quite a large relative 
change. In order to bring this resistance ex- 
cursion more within reasonable limits, we must 
lower the no-grid current resistance by placing 
a grid swamping resistor across the grid tank 
coil. ‘he exact amount to put across the coil 
is a matter of debate among many of the SSB 


AMATEUR BAND | GRID TUNING CAP.] BAW COIL 
(METERS) (uptds) IN USE 
p80 204 ya [GO MEL 
20 MEL 
20 


pe 20 56 iytd TOMER | 
Table 5-1-C 


operators. Being on the ultra-conservative side, 
I take the attitude that the resistor should be 
lowered in value until you notice a shortage of 
driving power. With plenty of driving power 
available in the first place this usually ends up 
by being quite a low value. In the case of this 
amplifier, a value of 5000 ohms was chosen. 

Let us look again at what happens when the 
tube swings into the grid current region. The 
grid resistance for no grid current is 5000 
ohms and for the maximum grid current condi- 
tion is 7500 ohms in parallel with 5000 ohms. 
This is 3000 ohms. This means that our grid 
resistance swings from 5000 down to 3000 ohms 
for the extreme conditions encountered. This 
is considerably better than swinging from near 
infinity down to 7500 ohms. 

We must now design our tuned circuit 
arund this 3000-ohm value of grid resistance. 
We again choose circuit Q of 15 (values as 
high as 20 or 25 are not out of line for grid 
tanks). As before, the reactance of the grid 
tank components for all frequencies is calcu- 
lated by dividing the resistance by the Q. This 
will be equal to 200 ohms. Just as for the plate 
tank circuit, calculate the size of the grid tank 
condenser by plugging the numbers already 
known into the formula: 


I 


— ~ 


— 6.28 xf x X 8. 


In this case the X is 200 ohms and the f is the 
operating frequency in megacycles and the C 
is in microfarads. For 3.9 Mc. operation the 
required tank capacity comes out to 204 upfd.; 
for 7.2-Mc. band operation—110 pufd.; and 14.2- 
Mc. operation—56 ypzfd. Consulting the in- 
formation available on coils, the BeW 40MEL 


coil would be suitable for tuning to the 80- 
meter band, and the 20MEL coil for 40-meter 


operation and the JOMEL for 20-meter opera- 
tion. Table 5-1-C gives this information in a 


10 V 


C11—150 ppfd., per 
section, split-stator _ 
transmitting, air, 


R1—27 ohms, 2w. 


R2—23 ohms, 4w (2 
parallel 47-ohm 2w. 


variable. 
R3—5000 ohm, 10w. C12—0.001 yfd., 5000v., 
non-inductive. mica. 


C13—600v mica; for 80 
meters—1200 yufd., 
for 40 metters—600 
uetd., for 20 meters— 


R4—25,000 ohm, 50w, 
with slider. 


C1—250 wyufd., single 


section, air. = 300 upfd. 
C2, C4, C7—0.01 Héfd., C14—16 ufd., 450Vv., 
600v., disc ceramic. electrolytic. 


CN—neutralizing 
condenser, 12 pyufd., 
maximum capacity. 

RFC1—1.0 mh., 500 ma. 
r-f choke. 

CH1i—10 h., 90 ma., 
filter choke. 

M1—0-15 milliammeter. 

M2—0-500 milliammeter. 

T1—350-0-350v at 90 
ma., 5.0v at 8 amp. 


C3a, C3b—dual, 40 pfd., 
450v., electrolytic 
(insulated from 
chassis). 

C5, Cé—0.001 wfd., 
600v., mica. 

C8, C9, C10—50 pwufd., 
5000v., vacuum padder 
(used only on 80 
meters). 


Fig. 5-1-B. Kilowatt linear amplifier with bias 
power supply schematic and parts list. 
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Circuit Details 


more orderly fashion. It would appear that a 


250 ywufd. single-section condenser would be 


suitable for use iu the grid circuit. 


Circuit Details 


Refer to Fig. 5-1-B for the following com- 
ments. The circuit is conventional in all but a 


very few respects. The filament circuit is wired 


for 10-volt operation. ‘This was done because 
the shack transformer stock furnished a 10-volt, 
13-ampere transformer instead of a 5-volt, 25- 
ampere unit. The center-tap of the tube-fila- 
ment connections was used as the cathode re- 
turn point. Both sides of the filament voltage 
line were bypassed to ground (C5 and C6) at 
the tube socket with good quality mica con- 
densers. The plate-current meter, or more 
strictly, the cathode-current meter is connect- 
ed from the tube-filament center-tap point to 
eround with appropriate r-f bypassing. The 
parasitic resistors RJ and R2 are in the grid cir- 
cuit and the grid-neutralizing leads respective- 
ly. These values are not critical but non-induc- 
tive resistors are mandatory. 

The 23-ohm R2 resistor should be at least 
four-watts in size for the following reason: 
During tune-up periods if the antenna loading 
should be light and the final running at 
resonance with grid excitation, the circulating 
r-f currents in the output tank circuit and the 


neutralizing path back to the grid run very 
high. This condition doesn’t have to exist long 


before resistor R2 goes up in smoke. You can 
not get along without these resistors. An am- 
plifier without these will take off and be over 
the hill before you can even think about hitting 
the plate-voltage switch. As one fellow puts it: 
“One reason I think SSB is free of TVI is 
because you are compelled to clean up all 


traces of parasitic oscillations and fundamental 


instability before you can ever get the trans- 
mitter on the air.” I suspect there is more 
truth than poetry in that statement. 

The plate tank circuit is conventional with 
possibly the exception that on the 80-meter 
band vacuum padder condensers had to be 
added to reach the necessary capacity to en- 
able tuning the B/W 40TVH coil to resonance 
over the entire 3.5 to 4.0 Mc. band. It was 
necessary to use two 50-uufd. condensers con- 
nected in “‘split-stator’—that is, from each end 
of the coil to ground (C8-C10), and one addi- 
tional 50-uyfd. padder across the entire coil 
(C9). If it is possible to place all padding con- 
densers in balanced fashion (split-stator) it 
should be done, but for the rather obvious 
reason of parts shortage it was necessary to do 
as shown. With the padding shown it is pos- 
sible to cover the entire 3.5 to 4.0-Mc. band 
with the variable 150-uufd. per-section tank 
condenser. The 50-uyfd. padders used were the 


-5-kilovolt vacuum padders that have been 


available on surplus in the antenna tuning 


units for ARC-5 series aircraft transmitters. 


i 


‘be taken. 
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The output circuit link coil you will notice 
in Fig. 5-1-B has a fixed mica condenser, C13, 
across it. This has been found necessary in 
order to tune the link to resonance at the par- 
ticular frequency in use. It is a well-known 
fact that even though the transmission line is 
perfectly “‘flat’’ difficulty can be encountered in 
properly loading a given final amplifier. For 
proper loading without the additional capacitor 
across the link, the link-coil inductive reactance 
should approximate the characteristic impe- 
dance of the transmission line. This is rarely 
true, however, so a corrective measure must 
Ordinary 600-volt ‘“‘postage-stamp” 
mica condensers work well in this place. One 
precaution—never operate the amplifier with 
the antenna disconnected and the condenser 
C13 fastened across the link. It will pop be- 
fore you know what is happening. The same 
tuning result can be accomplished by a small 
variable condenser in series with the center 
lead of the co-ax line at the link coil. About 
50 wufd. to 100 wufd. maximum capacity would 
be required. 


The Plate Power Supply 


Building plate-power supplies for variable- 
load applications such as single sideband, c-w— 
operation, or for class-B modulator stages is 
always a problem. The sudden application of 
load upon a high-voltage supply will usually 
create a transient response effect upon the d-c 
voltage. The transient will take the shape of 
a damped sine wave whose resonant frequency ~ 
is determined by. the ZL and C combination of 
the power-supply filter components. Norgaard 
has discussed this problem at some length in 
the 1954 issues of G.E. Ham News. He has 
shown with oscillograms just what takes place 
when average values of filter capacitance are 
used. 


WNVERTED “U" CONDENSER 
MOUNTING BRACKET 


5R4GY 
; RECTIFIER 
Fig. 5-1-C. Suggested layout plan for the 304TL 
stage. 
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Unfortunately, Norgaard’s solution to the 
problem is not the most economical one that 
might be desired nor does he consider power 
supplies with voltage outputs in the region of 
2500 to 3000 volts. He suggests using banks of 
series-parallel connected standard can-type 40- 
ufd. electrolytic condensers with equalizing re- 
sistors connected across each condenser unit. 
He recommended that a total output capacity 
of 90 ufd. be used. When considered from the 
standpoint of a 3000-volt supply, the cost and 
bulk are prohibitive. The author feels that a 
better way to handle the situation could be 
evolved—perhaps by using a saturable reactor in 
the primary of the plate transformer whose 
saturation characteristic would be controlled 
by the d-c load current. Possibly the response- 
time of such an arrangement could be made 
short enough to handle the transient as well as 
the steady-state regulation condition. 

Since it is believed that most Hams will not 
be able to afford the condenser-swamping idea, 
the power supply shown in Fig. 5-1-D is recom- 
mended as a reasonable compromise for use 
with the amplifier shown in Fig. 5-1-B. If it is 
possible for the user to provide more output 
_ capacity in the filter than shown in Fig. 5-1-D 
the operation will be correspondingly better. 
The author’s own ‘plate supply uses 17 micro- 
farads on the output filter condenser position 
and provides quite usable dynamic regulation. 


Constructional Details 
The following comments are intended to 
serve as a guide. Figure 5-1-C shows a sketch of 
the general lay-out of the amplifier. Use it, but 


be influenced by whatever components you , 


have available and your own particular con- 
structional preferences. 

You will notice that the grid tank circuit is 
enclosed in a box. The author’s experience 
with a previous 100TH linear amplifier 
prompted this measure. When grid current is 
drawn the sharp transients generated by cross- 
ing from the no-grid current to the grid-current 
condition cause harmonic frequencies to be 
generated capable of causing a mild case of 
TVI. As many Hams have found out, their 
class C finals cause TVI when only the final 
grids are being driven—no plate voltage neces- 
sary; in fact, the IVI usually decreases when 
the plate voltages is applied. This was the 
only T'VI counter-measure that was taken in 
the amplifier—no low-pass filter, no shielding 
of the cabinet—and the TV set operates only 
ten feet away. | 

The plate coil, (L2), was mounted on an in- 
verted “U” shaped channel made out of light- 
gauge aluminum. This was fastened by the 
condenser frame screws to the variable tank 
capacitor so that the mounting channel was at 
ground potential. The coil jack-bar was then 
supported by ceramic stand-off insulators on the 


“U” shaped channel. It is a simple arrange- - 


ment with plenty of mechanical strength. 


Final Api 


T4 d iM 


> 5V_20A 


: V4 
12 Bu 


Ci, C2, C3, C4—4.0 pfd., . 
3000v, Plasticon 
AOC3M4. 

F1—20 amp. fuse. 

L1—8.0 henries, 500 ma., 


Sw2—High voltages 
switch, SPST, 3 amp. 
contacts. 

Ti—Filament trans- 
former, 5.0v @ 20 


CTC Type R-195. amp., 10,000-volt 
R1—80,000 ohms, 200 insulation CTC Type 
watts wirewound. F-520HB. ; 


T2—Plate. transformer, 
3500-0-3500 volts @. 
500 ma., CTC 3025. 

V1, V2—Hither 872 or 
4B382. ; 


Ry1—Plate contactor, 
Potter & Brumfield 
PR-1A. 

Swi—Filament switch, 
SPST, 380 amp. 

Fig. 5-I-D. Suggested high voltage power sup- 
ply for use with the linear final amplifier. 


One of the vacuum padding condensers (C8) 
was mounted so that it connected directly to 
the heat-radiating plate cap of the tube. It 
was supported by the plate cap and a pillar of 
one-inch diameter “dural.” ‘This provides a 
short path for any stray harmonic currents that | 
might exist. — 

The filament transformer was mounted un- 
der the chassis so that the high-current leads 
could be as short as possible. 


Neutralization and Tune-Up 

Once the amplifier is built the problem of 
adjustment arises. The stage operates like a- 
triode amplifier. The neutralization procedure 
is conventional in that the initial adjustment — 
should be made with the plate voltage off and 
the grid excitation applied. Tune the plate 
tank to resonance as indicated by an output 
indicator (lamp and loop, field intensity meter, — 
etc). and adjust the neutralizing condenser Cn — 

for minimum deflection on the indicator, mean- 
while keeping the plate tank tuned to reso-— 
nance after each adjustment of the neutralizing © 
capacitor. . | 
When this is completed, reconnect the plate — 


voltage and using a dummy load, recheck the 


neutralizing by the “dynamic method.” When 
the plate tank condenser is swung through — 
resonance the plate current should reach a — 
minimum reading at the same dial setting that — 
the grid current maximum occurs. A little 
practice is necessary to be able to watch two 
meters simultaneously. The final adjustment 
shouldn’t be far from that arrived at by the 
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Construction and Operation 
no-plate voltage adjustment. PRECAUTION! 
Don’T ADJUST THE NEUTRALIZING CONDENSER 
WHEN THE PLATE VOLTAGE Is ON! 
Operation 3 

You are now on your own. The operation is 
similar to most class C amplifiers in tune-up 
and shouldn’t cause any raised eyebrows. A 
check on proper loading should be made with 
an antenna current meter or antenna field in- 
tensity meter to make sure that optimum 
coupling is obtained. For a given plate input 
power the link adjustment should be made for 
maximum power output. This adjustment 
should be made at some power level near 
maximum capabilities of the amplifier. I sug- 
gest that a linearity test be made using the 
two-tone test described in Chapter IV. I would 
also suggest that a oscilloscope be used to 
‘monitor the output of the amplifier to make 
sure that no “‘peak-limiting” distortion is pre- 
sent while operating. The amplifier is capable 
of delivering one-kilowatt “meter-average” on 
SSB and the peaks swing up in the neighbor- 
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hood of two kilowatts. As explained in an 
earlier chapter this is perfectly legal—just keep 
your meters reading below one kilowatt. 

A check was made of the output power and 
on 4.0 megacycles with a steady-state kilowatt 
input, the output power measured 550 watts 
into a dummy load. This is an efficiency of 
55% which is below the 65% usually predicted 
for this type of service, but remember we have 
loaded our tank Q pretty high, so this probably 
accounts for ‘the slight lowering of the output 
power. No grid current is drawn until the 
input exceeds 750 watts, so you can go a long 
way before you need be concerned with grid 
current. 


The power required to drive the amplifier 
with the indicated grid swamping is between 
15 and 20 watts peak. A swamping resistor of 
higher value could be used with appropriate | 
changes in the grid task if less driving power 
is available. Remember, it’s wise to generate 
more than you actually need—you won’t be 
SOrry. 
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Hints for Better SSB Operation 


An Oscilloscope Monitoring Scheme 


It is always a good idea to monitor the r-f 
output of a single sideband transmitter while 
operating. The most reliable method is to use 
- an oscilloscope. The most common method in 
use is to put the r-£ voltage on the vertical 
plates and use the oscilloscope internal sweep 
circuits for a horizontal signal. ‘This gives an 
indication of the amplitude characteristic of the 
transmitter output. While this will give a 
reasonably good idea of what is going on, the 


ever-changing shape of output wave-form with 


human speech is a bit hard to watch. 

The following scheme is presented as an 
alternate method of monitoring the output sig- 
nal as related to the signal at some earlier point 
in the system. Since most of the distortion in a 


TO 
AMPLIFIER 
OUTPUT 


Figure 11-2-A. C2 has an approximate value. 
Insert a small air variable to set exact value. 


properly operated SSB system is generated in 
the high-powered output amplifier Stage, the 
- place to watch for non-linearity is obviously in 
the output amplifier. 

As the circuit of Fig. 11-2-A shows, the trans- 
mitter output is fed into the vertical places of 
the oscilloscope through a capacitive. voltage 
divider made up of C2 and C3. Condenser C3 
can be of the ordinary postage-stamp mica type 
(600-volt rating) while C2 is a variable air con- 
denser. The variable condenser is adjusted to 
give the proper amount of deflection voltage to 
the vertical plates. The horizontal signal is 
derived from the final amplifier input circuit. 
The easiest method is to connect the link line 
of LJ in parallel with the grid input coaxial 
line of the amplifier. LJ and C1 are obviously 
tuned to the operating frequency. 

The patterns to be expected are shown in 
Fig. 11-2-B. For no input signal to the ampli- 
fier the idling oscilloscope picture is just the 
spot in the middle of the tube. For a perfect 
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linear relation between the amplifier output 


and its input the pattern of Fig. 11-2-B (a) will 


be seen. This will be true for a single tone, 


inserted carrier, or for a complex waveform 


such as speech. Figure 11-2-B (b) shows the pat- 


tern if the grid bias is too high and the ampli- 
fier tubes are operating on the knee of the 


operating curve. The corrective measure is to 


decrease the grid bias voltage and run a higher — 


value of idling current. . 
Figure 11-2-B (c) shows the pattern to be ex- 


pected if peak limiting is taking place. This — 


might be caused by insufficient amplifier load-— 


ing or too much driving voltage to the ampli-— 


fier grids. The corrective measures are obvious. 
Figure 11-2-B(d) is the combination of the 


two troubles just described—grid bias too high | 


and peak limiting. In all probability the pat- 


tern shown in Fig. 11-2-B (e) will be encountered 


when setting up the circuit. This is not a sign 


of improper transmitter operation, but that — 


there is a phase shift between the two signals — 
fed to the oscilloscope plates other than that — 
of 180° normally encountered between the grid — 
and plate voltages of an amplifier. Juggling the — 


tuning capacitors will probably clean this 


trouble up, or the operator may find that it is — 
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Figure | 1-2-B 


necessary to place.a resistor across one set of 
plates of the oscilloscope in order to arrive at a 


straight line pattern. A little tinkering will : 


bring the desired result. 


The author has tried this means of monitor- 


ing the transmitter output and found that it is 


more convenient to watch than the usual en- — 


velope pattern. It is also a more sensitive 


indication of amplifier non-linearity then the — 


envelope presentation method. 


Chapter VI 


Bollanced Modulators 


Many amateurs when slightly exposed to 
‘some of the circuitry of single sideband ex- 
citers often complain that the circuits are too 
complex. They look at a schematic of an ex- 
citer and are appalled by such terms as filters, 
‘phase shift networks, and balanced modulators. 
There is nothing really so mysterious or diffi- 
cult about the operation of any of these cir- 
cuits that cannot be understood by anyone 
capable of passing the General Class of ama- 
teur examination. 

If each of the stages in any transmitter is 
considered from the standpoint of its function 
and behavior the overall operation of the 
transmitter becomes much simpler. This ap- 
plies to AM transmitters as well as SSB trans- 
mitters. ‘Thus it is proposed that each of these 
new types of stages be treated separately, and 
in some detail, so that a more elementary un- 
derstanding of their operation may be had. 
The first of these to be treated is the general 
class of mixers called balanced modulators. 

We learned in Chapter 2 that there are four 
terms that are synonymous. ‘These were: 
heterodyne, mix, convert and modulate. Keep 
in mind that when one term is used that it 
means just the same as the other three. Just 
what is meant by mixing, heterodyning, con- 
version, and modulating? Mixing is the proc- 
ess whereby two signals of different frequen- 

cies are combined in some manner so as to 
produce new signals of still different frequen- 
cies from those of the originals. 


| | 
6.1—Push-Pull Balanced Modulators 


It would be best at this point if a specific 
example were taken and followed through. 
Consider the form of the balanced modulator 


shown in Fig. 6-I-A. At first glance this would 
appear to be a push-pull amplifier with some 
form of modulation applied to the center-tap 
of the grid coil. It may be considered as such 
except that the effects are slightly different than 
those normally encountered. ‘The notations 
f(m) and f(c) denote the two frequencies that 
are fed into the balanced modulator stage— 
f(c) being what we shall call the carrier fre- 
quency and f(m) the modulating frequency. 
For this example, assume that the modulat- 
ing frequency, f(m), is the range of speech fre- 
quencies from 0 to 3000 cycles per second and 
the carrier frequency, f(c), is 1000 kilocycles. If 
the push-pull tank circuit in the plates of the 
triodes is tuned to a frequency of 1000 kilo- 
cycles the following conditions might exist: 
If no speech modulation signal, f(m), were 
present and the two halves of the push-pull 
circuit were perfectly balanced, there would 
be no signal present in the output circuit of 
the stage. It can be seen that the carrier volt- 
age, f(c), is applied to the center-tap of the 


Fig. 6-I-A. Basic push-pull balanced modulator 
circuit. A practical adaptation of this idea is 
shown in Fig. 6-I-B. 
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C2 
400ypfd 


Cl, C2—100 wufd., mica. 


C3, C4—0.1 yfd., mica. 
C5—Dual 140 mwufd., air 


B+ 


R3—1000-ohm, carrier 
balancing potentio- 
meter. 


-RFC1, RFC2—0.5 mh., 


variable. r-f choke. 
Li, L2—Plate tank tuned RFC3—2.5 mh., r-f 
choke. 


to: -t(¢); : : 
R1, R2—15,000 ohms, T1—Plate-to-grid audio 
Tow. transformer. 


Fig. 6-1-B, A practical push-pull balanced modulator. 


grid transformer and thus drives the two grids 
in parallel. If both grids swing positive simul- 
taneously the individual plate currents of the 
two tubes will increase simultaneously. The 
effect in the plate tank circuit is that both 
pulses of plate current cancel each other out 
making the net result in the output link wind- 
ing zero. Thus any variation in grid signal 
voltage that is applied to both tube grids in 
parallel will cancel out in the plate circuit due 
to the push-pull connection. 

Consider now what would be the case if 
only the modulation frequency, f(m), were ap- 
plied to the stage and the carrier frequency, 
f(c), were turned off for the moment. The 
speech signal is applied to the grids in push- 
pull connection and thus causes the tube plate 
currents to vary in a push-pull manner. Thus 
the plate current pulses of the triodes feed the 
tank circuit in the approved fashion of con- 
ventional push-pull amplifiers. There is one 
point, however, that changes the picture 
radically. ‘The tuned plate circuit is tuned to 
1000 kilocycles and not to 0 to 3000 cycles. 
Therefore, the plate tank circuit does not pre- 
sent any load impedance to the speech fre- 
quencies and the pulses of plate current merely 
scurry on to the B-plus supply causing no 
signal voltage to appear at the terminals of 
the output link coil. What has been accom- 
plished thus far? By careful “balancing”? we 
have eliminated the carrier signal in the out- 
put circuit, and by proper choice of tuned cir- 
cuits used as plate loads we have also prevented 
the modulating frequency from appearing at 
the output terminals. Thus, when either sig- 
nal is present in the stage by itself, there is no 
output signal. 

What happens when both signals are applied 
to the stage at the same time? The carrier, 
f(¢), again feeds the grids in parallel, but the 


a 


2 


~ Push-Pull 


: 


push-pull feed of the modulation causes one — 
of the grids to swing less positive than the other 


by an amount equal to the instantaneous peak — 


voltage of the speech modulating voltage. The 
stage is no longer perfectly balanced and a 
signal voltage appears across the 1000-kilocycle 
tuned circuit. One might think that this sig- 
nal voltage is made up of pulses of carrier sig- 
nal and nothing else. However, if the signal 
at the output terminals is observed on a spec- 
trum analyzor, it can be seen that the output 
consists of signals grouped either side of the 
carrier frequency and that no carrier signal is 
present. We have thus generated new signals 
whose frequencies are equal to the carrier fre- 
quency plus and minus the modulating fre- 
quency. In other words we have created two 
sidebands (one on each side of 1000 kc.) and 
no carrier. 


The amplitude relation of the sidebands 


generated to the amplitudes of the two parent — 


signals, f(c) and f(m), is such that the output 
signal is proportional to the product of the 
two input signals. In somewhat simpler terms, 


if the modulating frequency signal doubled in — 


amplitude, the output signal would be twice 
as large; however, if both the carrier and the 
modulating signal doubled in their individual 


amplitudes the output signal would be two-— 


times-two or four times as great as the original. 


In the applications that we will deal with, the ~ 


carrier signal will remain constant and the 
modulating signal will vary in amplitude caus- 
ing the output signal tobe linearly related to 
the modulating signal’s amplitude. 


‘There is one circuit condition that has not 
been mentioned up to this point. 


C1—0.25 wfd., paper. 
C2-—0.001 ywfd., mica. 
C3, C4—0.01 wfd., mica. 


C5—140 mwufd., variable 

L1/L2—Carrier oscillator 
tank and link winding. 

L3/L4—Output tank 


circuit tuned to 

desired frequency. 
R1i—100,000 ohms, Mw. 
R2—3300 ohms, lw. 
R3, R5—4700 ohms, lw. 
R4—20,000-ohm 

potentiometer. 
R6—10,000 ohms, 2w. 


Fig. 6-2-A. Modified push-pull balanced modulator. 
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The tubes. 


C1—140 pwyfd., dual air 
variable, 

C2—0.001 ufd., mica. 

C3, C4—0.01 ufd., mica. 

C5—140 pyfd., variable. 


to f(c). 
L3/L4—Plate tank and 

link tuned to f(c). 
R1—1000-ohm carrier 

balancing potentio- 


L1/L2-—Center tapped meter. 
grid tank with link T1—Plate-to-grid audio 
winding. L2 is tuned transformer. 


Fig. 6-3-A. A push-push balanced modulator 
with both the grid and tank circuits tuned to 
the same carrier frequency. 


used in the balanced modulator must be oper- 
ated on the non-linear portion of their grid 
voltage-plate current curve. This is quite con- 
trary to the usual push-pull audio amplifier 
operation. Without this non-linear condition, 
the stage could not operate as described. Gen- 
erally, in order to produce satisfactory results 
the carrier signal must be several times the am- 
plitude of the modulating signal. This con- 
dition assures that the output signal will be 
linearly related to the modulation signal. The 
ratio of ten-to-one in carrier-to-signal ampli- 
tudes is generally accepted as the minimum 
value that will produce desirable results. Higher 
ratios are often desirable. 

The circuit shown in Fig. 6-1-A is the basic 
circuit described. ‘This circuit does not have 
any provisions for balancing the “almost-al- 
ways’ existing tube and circuit unbalanced 
conditions. Figure 6-1-B is the practical work- 
ing circuit that should be used. The 1000-ohm 
cathode potentiometer, R3, provides the balanc- 
ing adjustment necessary by adjusting the 
cathode biases on the two tubes. ‘The modulat- 
ing signal, f(m), is isolated from the. carrier 
signal, f(c), by the pair of r-£ chokes, RFC/ and 
RFC2. This prevents the audio transformer, 
TI from loading down the source of r-f signal. 


6.2—The Modified Push-Pull Circuit 


Figure 6-2-A shows an interesting modifica- 
tion that is possible on the push-pull arrange- 
ment. The carrier signal, f(c), is fed into the 
two cathodes in parallel feed causing cancella- 
tion in the push-pull connected plate circuit. 
‘The two triodes are thus operated in grounded- 
grid operation for the carrier signal. ‘The grid 
of the upper triode is at r-f ground pocential 
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because the reactance of condenser C2 is low 
at the carrier frequency, f(c). 

The audio signal, f(m), is not fed into the 
two grids in push-pull as in Fig. 6-1-A but is. 
fed to only one grid by an R/C coupled circuit. 
This causes only one grid to be unbalanced 
when speech is applied, but this is all that is ~ 
necessary to accomplish the desired end ‘This 


circuit also eliminates the need for the inter- 
stage audio transformer of Fig. 6-1-B. 


6.3—The Push-Push Connected Circuit 


Figure 6-3-A is very similar to the push-push 
frequency doubler that has been used for years. 
The plate tank circuit, however, is not tuned 
to twice the grid input frequency but is tuned 
to the fundamental of the grid r-f signal. It 
will be noted that the r-f carrier signal, f(c), 
is fed to the grids in push-pull while the modu- 
lating signal, f(m), is fed to the two grids in 
parallel through the grid-coil center tap. 

The fundamental frequency of f(c) will can- 
cel out in the tank circuit because each pulse 
from the parallel-connected plates will oppose 
the “‘filled-in” half-cycle of the r-f wave form 
furnished by the fly-wheel effect of the tuned 
tank circuit. Thus, if the two tubes are per- 
fectly balanced, no carrier signal will appear 
in the output circuit. It should be mentioned 
here that due to the push-push connection, the 
even harmonics (i.e., the 2nd, 4th, 6th, etc.) 
will tend to be accentuated and their appear- 
ance in the output will depend on the tuned 
circuit Q. (See the section on “Spurious Signal 
Generation.’’) 

Since the modulating voltage is connected to 
the grids in parallel the plate current of the 
two parallel-connected plates will respond di- 
rectly. However, again as in Fig. 6-1-A the 
plate tuned circuit will not respond to f(m) so 
it will not appear in the output. When f(m) 
and f(c) are simultaneously applied to the 
stage the result is the same as for the first 
type described, that is, a double-sideband, sup- 
pressed-carrier signal is generated in the plate 
circuit. 


6.4—Multi-Grid Tubes in Balanced 
Modulator Circuits 


The circuits described so far have made use 
of triodes only. The multi-grid tubes may also 
be used and the isolation offered by the sepa- 
rated grids makes them attractive for some 
applications. 

Basically the operation is the same as for 
the types already described. The r-f carrier is 
applied in parallel to the control grids in the— 
case of the pentodes and to the oscillator in- 
jection grids in the case of the pentagrid con. 
verter tubes. When the stage is balanced the 
carrier is non-existent in the plate circuit. The 
modulating voltage is applied to the screen grid 
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2 ————— A 
foe) ‘ 
f(m) ie 


R1—50,000-ohm carrier 
balancing potentio- 
meter. 

R2—500 ohms, 5w., 


B+ 


C1, C2—100 pufd., mica. 
C3—0.01 wfd., mica. 
C4, C5—0.001 ufd., mica. 


C6é—0.01 wfd., paper. i : 
C7—Dual 140 wyufd., air wire wound. 
variable. R3—47,000 ohms, 5w., 


wire wound. 
T1—Plate-to-5000 ohm 
load audio transformer. 


L1/L2—Plate tank 
(center tapped) tuned 
to f(c). 


Fig. 6-4-A. Pentode balanced modulator. 


of the pentodes and to the signal grid of the 
pentagrid converter. Application of modula- 
tion disturbs the balance of the system by mak- 
ing one plate current vary in a different man- 
ner than the other. The balancing potentio- 
meter control operates by varying the propor- 
tion of the excitation voltage that is applied to 
each grid. Since both ends of the potentiometer 


C1, C2—100 mwufd., mica. 

C3, C4—0.01 yw d., mica. 

C5-—-D:.al 140 uufd., air 
variable. 

L1/L2—Plate tank 
(center tapped) and 
link winding all tuned 
to f(c). 

R1— 25,000-ohm, 


balancing potentio- 
meter. 
R2—270 ohms, lw. 
R3—27,000 ohms, 2w. 
RFC1—2.5 mh., r-f 
choke. 
T1—Plate-to-push/pull 
grid audio trans- 
former, 


Fig. 6-4-B. Pentagrid converter balanced modulator. 
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are at the r-f carrier potential, it must be locat- 
ed near the grid terminals of the tube. This 
may prove a disadvantage in some instances. 
The cathode balancing circuit of Fig. 6-1-B is 
always at zero r-£ potential and may be located 
remotely to the balanced modulator stage. 


Other Vacuum Tube Circuits 


There are other balanced modulator circuits 
that can be built that utilize vacuum tubes. 
One principle must be kept in mind in order 
to achieve mixing action. This principle is: 
If the carrier signal is fed into the circuit in 
push-pull, the modulation must be fed in paral- 
lel connected, and if the carrier is in parallel 
the modulation must be in push-pull. This 


condition must be maintained if the signals. 


are fed into the same pair of grids, as in Fig. 
6-I-A, or into separate grids as Fig. 6-4-A and 
6-4-B. Connecting both signals in the same 


mode will net zero mixing in the plate circuit. — 


Actually, a slight amount of mixing might take 
place because of dissimilar dynamic tube 
characteristics. 


6.5—Use of Varistors 


The term “varistor’” may be new to some 
readers. ‘To dispel any confusion that might 
exist, a varistor is a group of usually two or 
four identical rectifying units. The individual 
units may be the familiar 1N34 germanium 
diode, a copper-oxide rectifier, a silicon diode. 
or even a selenium rectifier. The “varistor’’ 
group may be sealed in a shield can or glass 
envelope to protect them from damage. 

The individual rectifier units of a varistor 
group are usually selected so that their charac- 
teristics are as closely matched to the other 
rectifier units in the varistor as possible. Thus a 
type 1N35 varistor is nothing more than a pair 
of carefully selected 1N34 germanium diodes. 

There are three basic types of circuits in 
which varistors can be used as balanced modu- 
lators. ‘These are: shunt, series, or the ring 
type. In order to achieve balancing action the 
varistors can be connected in various ways using 
either 2 or 4 diodes in the varistor unit. It is 
the various combinations of circuitry and 
varistor configurations that are of interest to us. 


Shunt Connected Varistor Modulators 


Figure 6-5-A shows the two possible connec- 


tions using a four-unit varistor and a two-unit - 


varistor. Figure 6-5-A(a), the four-unit varistor 
in shunt connection, has the advantage of re- 
quiring no center-tapped windings for the car- 
rier supply, f(c), for the modulation voltage, 
f(m), or for the output transformer. It has the 
disadvantage of being awkward to balance. 
There is no really convenient place to put a 


balancing resistor. The situation usually boils — 


down to putting a small value of variable re. 
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Fig. 6-5-A. Shunt type varistor balanced modu- 
lators. In these basic circuits; (a) is a four- 
unit varistor and (b) is a two-unit varistor. 


sistance in series with one of the diodes. Find- 
ing the right diode is a matter of cut and try. 

Figure 6-5-A(b) shows the basic circuit of the 
two-diode shunt varistor which produces a 
balancing action for f(c) if the voltages either 
side of the r-f transformer center tap are equal. 
This is usually not the case in the practical 
circuit so the schematic of Ig. 6-5-B was 
evolved. The balancing function is now per- 
formed by the 1000-ohm potentiometer. The 
need for a center-tapped r-f winding is now 
eliminated. 

There is another matter that must be con- 
sidered in the shunt-connected circuit in order 
to realize efficient operation. This is the matter 
of the input and output impedances. The im- 
pedance of the f(m) source (the audio trans- 
former secondary) must be low at the audio 
frequencies and must appear as a high im- 
pedance at the carrier frequency. ‘The im- 
pedance of the output circuit should be a low 
impedance at the carrier frequency and a high 
impedance at the audio frequencies. The lat- 


ter condition is easy to realize by the use of a 


series tuned circuit in the output resonant at 
the desired r-f output frequency. Accomplish- 
ing the impedance condition for the audio fre- 
quency input circuit is a matter of compro- 
mise. The transformer winding has an im- 
pedance of 500 ohms at audio frequencies and 


the R/C network (RI, R2, and C1) helps to 


bring about the desired condition at the higher 
carrier frequency. This matter of having the 
correct impedances available for the input and 
output circuits often makes the use of the 
series-type of modulator more desirable. 


The Series-Type Varistor Modulator 


We now come to the series-connected yaristor 
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modulator covered in Fig. 6-5-C. ‘This is the 
four-varistor circuit in which the carrier, f(c), 
cannot appear in the output circuit when the 
varistor is perfectly balanced. Application of 
modulating signal, f(7), disturbs the balanced 
condition and upper and lower sideband sig- 
nals about the carrier frequency are generated. 
Balancing this four-diode varistor series circuit 
is as hard to achieve as in the shunt counter: 
part. For this reason, the circuit of Mig. 6-5-D 
is preferred in which R/ is used as a balancing 
control. 

The input and output impedances of the 
modulator must now be considered. The im- 
pedance of the audio source must be high at 
audio frequencies and, low at the r-f carrier 


f(c) 


with series tuned 
primary. 

T3—Carrier oscillator 
transformer, secondary 
has low impedance— 
approximately 500 
ohms. 

Yi, Y2—1N85 ger- 
manium varistor. 


C1—0.003 ufd., mica. 

C2, C3—0.001 ywfd., mica. 

R1, R2—1000 ohms, JAw. 

R3—1000-ohm 
potentiometer. 

T1—Plate-to-500 ohm 
line audio trans- 
former. 

T2—I.f. transformer 


Fig. 6-5-B. Practical adaptation of Fig. 6-5-A(b). 


frequency. ‘This is accomplished by using a 
high-impedance secondary on the audio trans- 
former and shunting it with CZ which appears 
as a low reactance at the r-f carrier frequency » 


but whose reactance is negligible (with respect 


to the transformer secondary impedance) at the 
highest audio frequency used, 3000 cps. The 
other impedance condition that must be met is — 
that the output impedance of the modulator 
must be high at the r-f output frequency and 
low at the audio frequencies. ‘This condition 
is most easily met by a parallel-tuned circuit. 


f (m) | : OUTPUT 


f (c) 


Fig. 6-5-C. Basic circuit for the series balanced 
modulator using a four-unit varistor. 


| f(c) | 
Fig. 6-5-D. A series type balanced modulator 
employing a varistor arrangement. 


This circuit can be just an ordinary L/C tuned 
circuit or it can be the input circuit of a filter 
whose input impedance is high in the filter 
passband and low outside the passband limits. 

A modification of this two-diode modulator 
was used in the SSB exciter described in Chap- 
ter VIII. This stage, shown in Fig. 6-5-E, uses 
one of the Collins 455-kc. mechanical filters 
which has an input impedance of 16,000 ohms 
in the passband region. The input circuit is 
a parallel tuned circuit which will fall to a low 
value of impedance at audio frequencies. ‘The 
cathode follower stage was substituted for the 
input transformer of Fig. 6-5-D. ‘The cathode 
follower load resistor, R1, is high impedance 
when compared to the filter impedance for the 
audio frequencies. The shunting condenser 
C2 is a low reactance at 455 kc. when compared 
to the 16,000 ohms filter characteristic im- 
pedance, yet C2 has negligible shunting effect 
at 3000 cps. The blocking condenser CJ pre- 
vents the cathode bias across RJ from biasing 
the diodes and disturbing operation. 


The Ring Modulator 


Figure 6-5-F is the classical circuit used by 
the telephone companies for the land-line SSB 


IE TRANSFORMER 
OR SIDEBAR FILTER 


Ci—0.5 wfd., paper. (if needed). 
C2—0.003 ywfd., mica. R4—1000-chm  potentio- 
R1—2200 ohms, lw. meter. 


R2—4700 ohms, 1w. 


Yi, Y2—1N35 ger- 
-R3—Filter termination 


manium varistor. 


Fig. 6-5-E. Modified series balanced modulator. 


generators. ‘This same circuit has been used 
by many Hams using filters in the 10 to 50-ke. 
region. The input and output impedances of ~ 
this circuit are low—about 600 ohms. The 
balancing potentiometer R/ is placed between 
the two halves of the winding of the output 
transformer primary. The impedance of the 
carrier-voltage feed is very low and is most 
easily matched by using a link winding on the 
carrier voltage supply. This type of circuit is 
seldom used above a frequency of about 100 
kilocycles. 


The Modified Ring Modulator 


The circuit shown in Fig. 6-5-C is one form 
of modified ring modulator that has proven very 
useful in SSB exciters. This basic circuit is used 
in the “SSB-Jr.” described by W2KUJ and in 
the popular commercial “Multi-Phase” exciters. 
The two signals are connected in series to the 
common feed-point of YZ and Y2 which is the 
slider of the balance potentiometer, R7. The 
secondary of TJ is a low impedance winding— 
usually a voice coil winding—and L/ is a link 
coil wound on the carrier supply oscillator coil. 
The push-pull tank circuit must resonate at 
the frequency of the desired output. 


Capacitive Balance 


In the discussion thus far, resistive balance 
has been covered, but no mention has been 
made of correction for unequal tube and circuit 
stray capacities. Quite frequently no capacitive 
balance circuit is needed. The resistive bal- 
ancing potentiometer will in most instances 
give quite satisfactory balancing action. 

If capacitive balance is also needed, a small 
variable condenser of the air variable or com- 
pression mica type should be added to either 
one of the two possible points in the balanced — 
modulator circuit. Finding the correct point to 
connect the correcting condenser is a matter of 
experimentation. This added condenser should 
be connected between ground and the point 
in question. If the capacitive unbalance is too 
great for the variable range available on the 
correcting condenser additional fixed mica con- 
denser should be added to, bring the balance 
point within range. 

The capacitive balance condenser should be 
connected between ground and one of the 
grids of Fig. 6-I-B. A 100 ywufd. compression 
mica condenser is usually adequate. Either 
plate of Fig. 6-2-A is used for balancing. The 
balance condenser should be placed from one: 
grid to ground in Fig. 6-3-A. One control grid 
of Fig. 6-4-A is used while one of the oscillator 
injection grids (grid #1) of Fig. 6-5-A is the 
correct place for the balance condenser. 

The series and shunt types of varistor bal- 
anced modulators (shown in Figs. 6-5-B, 6-5-C 
and 6-3-D) are usually handled by connecting 
the balance condenser to one side or the other 
of the carrier supply source. If an isolation 
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Fig. 6-5-F. The ring modulator using four copper 
oxide rectifiers as a varistor. 


transformer is used between the carrier oscil- 
lator and the varistor, the balance condenser 
should be connected to one of the secondary 
windings. 

The ring modulator of Fig. 6-5-F is best cor- 
rected for capacitive unbalance by placing the 
small balancing condenser from one of the 
outer ends of the output transformer primary 
to ground. The modified ring modulator of 
Fig. 6-5-G is also balanced by connecting the 
balancing condenser from one side of the tuned 
output coil to ground. 


~6.6—Spurious Signal Generation 


Use of the balanced modulators described in 
this chapter has been restricted to modulating 
an r-f carrier frequency signal with a speech 
frequency signal (0 to 3000 cps). Practically 


any of the circuits described can be used to 


convert a single-sideband signal of one _ fre- 
quency to another frequency where it can be 
used. For example, if a filter-type exciter is 
used and the sideband is generated at 455 kilo- 
cycles, we must convert this into the 3.9-Mc. 
band so that we may make use of it. The first 
thought that might come to mind would be to 
use an ordinary penta-grid mixer tube and not 
use a balanced modulator at all. This is often 
the simplest solution. There are occasionally 
instances where spurious signals are generated 
in the mixing process that make the more com- 
plex balanced modulator circuits attractive. 

The spurious signals are formed in the same 
manner as intermodulation distortion products 
in a linear amplifier. The output tuned cir- 
cuit for a frequency converter will not generally 
be tuned to either of the two input signal fre- 
quencies f() or f(2) but will be tuned to either 
f(1)-+ f(2) or f(1) — f(2) so that a new fre- 
quency f(3) is formed. 

The spurious signals we are concerned with 
will be those that fall near f(3) in the frequen- 
cy spectrum. The proximity of danger will be 
dependent upon the selectivity of the tuned 
circuits that follow. The actual generation 
takes place because of the mixing action that 
will take place between harmonics of f(/) and 
harmonics of f(2). For example, the 4th har- 
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monic of f(/) might mix with the 7th harmonic 
of f(2) to produce a “difference” mixture that 
falls near f(3) in frequency. Even if the wave 
shapes of both f(1) and f(2) signals are free of 
harmonic content, the mixing process generates 
harmonic-frequency signals that will cause- 
trouble. 


The ordinary variety of mixer stage where 
both f(/) and f(2) signals are fed into the tube 
in a “single-ended” arrangement and the out- 
put circuit is also single-ended is probably the 
worst offender. This circuit will form both 
the odd and even harmonics of both input 
signals f(/) and f(2). The picture may appear 
darker than really need be for the situation 
can be helped in the single-ended mixer circuit 
by keeping a high ratio between the amplitude 
of the heterodyning oscillator signal and that 
of the SSB signal to be converted. The de- | 
sirable ratio might be as high as 100 to 1. 


If, however, trouble is encountered, one of 
the various forms of balanced modulators 
should be tried. Before starting it should be 
determined by some scratch-pad calculations 
just what harmonics of the f(/) and f(2) signals. 
are causing trouble. It is an even harmoni: 
of f(1) mixing with an odd harmonic of f 
the problem is to eliminate either one of 
offending harmonics being generated. It : 
necessary to eliminate both. If one is elin, 
nated the spurious mixture product will be 
eliminated. 


The best “all-around” solution would “be to 
use the push-pull type of balanced modulator 
Fig. 6-1-B because the parallel feed of the 
heterodyning oscillator signal f(c) and the push- 
pull connection of the output circuit tend to 
cancel all harmonics of the f(c) signal. ‘This is. 
fortunate if the related circuits that can be 
used permit the configuration shown. If it is 
not possible to use such an arrangement then 
an intelligent choice must be made among the 
other types of circuits. 


C1—0.001 wfd., mica. 
C2—Dual 140 pwutd., 
air variable. 
C3—0.005 mwufd., mica. 
R1—1000-ohm pot-ntio- 
meter. 
T1—Plate-to-4 ohm voice 


coil transformer. 
T2—Oscillator tark 
eircuit and link 
winding. 
T3—Output tank tuned 
to desired frequency. 


Y1, Y2— 
Fig. 6-5-G. Modified ring modulator. 


Hints for Better SSB Operation 


Transistor Audio Oscillator 


The reasonable price of the Raytheon CK- 
722 junction transistor tempted the author to 
build a small compact audio oscillator that 
would always be available to plug into the 
audio input jack of the SSB transmitter for 
tune-up and two-tone tests. The extreme low- 
current drain of the transistor made the bat- 
tery life limited to practically its shelf life. 


‘The Circuit 


The oscillator circuit is the transistor equiva- 
lent of the familiar Colpitts circuit. ‘The tuned 
circuit of Fig. 11-3-A is made up of a 3-henry 
toroid coil LJ and the pair of condensers, C2 
and C3. The toroid has a molybdenum permal- 
loy core. Such units are available commercially 
from the Arnold Engineering Co., Merengo, 
Ill. Ordinary iron-core filter chokes will not be 
satisfactory because of the saturation charac- 
teristics of the core material and the Q-of the 
coil will not be high enough for reliable oscil- 
lation to take place. 


The battery supply for the oscillator is made 
up of three pen-light cells. Since the total bat- 
tery drain is approximately 30 microamperes it 
was decided not to include an ON-OFF switch 
in the unit because the operating life of the 
batteries should be about one year with con- 
tinuous operation. 


The values of the two resistors RI and R2 
may have to be adjusted for the particular 
transistor used. ‘There is some variation be- 
tween different CK-722 units and the resistors 
should be adjusted for best output waveform 
as viewed on an oscilloscope. For a zero re- 
sistance at R2, the waveform of the output will 
be distorted showing signs of clipping of one 
half of the sine-wave. The waveform improves 
rapidly for an increasing value of R2 and its 


value should be set for the best wave shape and 
still have sufficient output voltage to drive the 
equipment. Since this oscillator feeds into the 
microphone jack, the voltage can be a very 
small fraction of a volt and still be usable. 


The oscillating frequency is approximately 
1000 cycles and the output voltage of the unit 
described was 0.7 volts rms. The output im- 
pedance of the oscillator is high and should_ 


oo 

ah wutd 
: OUTPUT 
(HIGH 2) 


RAYTHEON|® 


oP | 
4.5 VOLTS | 3VOLTE 


Fiqure |1-3-A, 


not be loaded down by any circuit in the trans- 
mitter input. Loading will cause a change of 
frequency and possibly stop oscillation. 


For simplicity and convenient operation 
the unit was mounted in a small home-made 
aluminum box that was fitted to. the end of a 


shielded phone plug. The unit is completely 


self-contained and has to be just picked up 
and plugged into the exciter. The specifica- 
tion sheet put out by Raytheon shows the con- 
nections of the small transistor unit. One pre- 
caution that should be kept in mind is to con- 
nect the battery voltage to the emitter element 
of the transistor before connecting the voltage 
to the collector element. The emitter is the 
element represented by the arrow symbol. 
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Phose Shit Networks 


In the phasing method of generating a SS8 
signal we must furnish both an audio signal and 
and r-f carrier signal to each of two balanced 
modulator stages. As described in Chapter III 
the audio signals furnished the two balanced 
modulator stages must be identical in every re- 
spect except that the phase relationship of one 
of the audio voltages must differ from the other 
by ninety degrees. he ability of the equip- 
ment to maintain the ninety-degree phase dif- 
ference and also amplitude equality will de- 
termine to what extent the unwanted sideband 
is suppressed. ‘This discussion is concerned 
with the intelligible sideband products. ‘The 
intermodulation distortion products will be 
forgotten for the moment. 7 


7.1—Effect of Phase Shift Errors 


Several writers!9,27.28 have shown that if the 
two audio voltages differ in phase by an angle A 
and assuming that all other circuit conditions 
are perfect that the suppression of the un- 
wanted sideband with relation to the wanted 
sideband in decibels is: 


Sideband Suppression in db. = 
200 XL Oo Ne Got A} 2 


If actual values for angle A are assumed and 


substituted in the above formula, we find that 


a phase error of 1 degree will result in a side- 
band suppression of 40 db., an error of 2 de- 


perees — $5 db., and an error of 3.5 degrees 


: 
: 
: 
: 
: 
: 


. 
| 
. 
| 


= 30 db. suppression. 


This will give the 
reader an idea of how much an error in the 
phase-shift network will affect the output signal. 
Again, this was assuming that the amplitude 
relation was perfect and also that the r-f phase 


shift network, discussed later, is perfect. 


7.2—Effect of Amplitude Errors 


Errors in amplitude equality of the two audio 
signal voltages will also affect the amount of 
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Chapter VII 


sideband suppression. The amount of effect 
Is expressed by the fromula: 
200-2 


Sideband Suppression in db. = 20 Log 


where E is the difference in the two voltages ex- 
pressed in per cent. Thus a difference between 
the two voltages of 1% would of itself result 
in a sideband suppression of 45 db., an error 
of 2% would yield 40 db., 4% results in 34 db. 
suppression and so on. 


7.3—Practical Circuits 


The idea of generating single-sideband _sig- 
nals by the phasing method was seen to be 
feasible many years before it became a practical 
reality. The difficulty arose in being able to 
design a phase shift network that would be ef- 
fective over a band of frequencies—namely 
those used in the transmission of speech. R. 8. 
Dome!® revised the first widely used circuits. 
He showed that it is possible to build circuits 
using RL and C combinations, but also showed 
how the results could be obtained by using only 
RC circuits. This is considered to be the 
easiest approach because of the difficulty in- 
volved in making an inductance that has a low 
distributed capacity and low resistance. It is 
easier to build a pure resistance and pure ca- ~ 
pacitor. 


The Dome Vacuum Tube Circuit 


Dome!® also showed how it was possible to use 
vaccuum tubes to couple the various sections 
of the RC network. (See Ig. 7-3-A) It was this 
circuit that Norgaard, W2KUJ] used in his first 
exciter?8 described in CQ and also in his YRS-1 
single-sideband receiving adapter.?* ‘This net- 
work successfully maintained the amplitude and 
phase relationships necessary over the voice 
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frequency range from 50 to 5500 cps. ‘This more 
than provides the minimum speech frequency 
spectrum necessary to carry on. satisfactory 
communication. 


The Passive Network 


It is also possible to build audio phase-shift 
networks using only R and C in a passive net- 
work—no tubes. There are various configura- 
tions that work successfully. Probably the most 
simple circuit is* shown in Fig. 7-3-B. ‘The 
example shown was designed to work between 
300 and 3000 cps. This is considered an ade- 
quate speech spectrum to transmit good intel- 
ligible speech. The complete phase-shift. net- 
work is shown in Fig. 7-3-C with component 
values. From the design equations the follow- 
ing equality of ratios is found for the assumed 
band of speech frequencies: 


Roe ST i EL OR, iss 
Pelt oe eR ee OF a OF a eo 
1 1 
Pie Cl = Rox Cl o> 
1 1 
eC. Rie Ct ae 


Using the above ratios different component 
values may be used merely by arbitaraily choos- 
ing values for one “R” in each branch of the 
circuit—RI and R3 for example. Instead of 
assigning values to two “R’s’, values could 
have been chosen for a “C” in each branch—C/ 
and C3 for example. For the network values 
of Fig. 7-3-C, Cl and C3 were assigned the 
value of 680 yuufd. and the other values calcu- 
lated from the above ratios. 


C1, C3, C5—0.05 pfd., 
400 


Vv. 

C2—300 upfd., compres- 
sion mica. 

C4—600 pwufd., adj. (500 
meftd. mica +100 ppfd. 
compression mica). 

C6—2200 uwyufd., adj. 
(2000 gwufd. mica +200 
uufd. compression 
mica). 

C7—9000 wyufd., adj. 
(8200 wufd. mica +800 
upetd. compréssion 
mica). 

C8—1600 mwufd., adj. 
(1250 wufd., mica +350 
upfd. compression 
mica). 

C9—800 pmufd., adj. (500 
wutd., mica +300 pwyefd. 
compression mica). 

C10, C11, C12—0.5 pfd., 
400v. 

RI, R3, R8, R10, R19, 

R21, R26, R28—4000 
ohms, +1%, Ww. 


vA C10 
Z6SN7 
RIS. 
a ok 200K 
af wire 
\ cH Sw 
we Bptd 
i E4 
“ 
R44 
gi | be | 
F v8 
46SN7 
6 
- 
af eae 42 
\ R30 
bea ie. 50K 5% 
R29 
a BE 7 
Bt 
250V 


R2, R30—50,000 ohms, 


low. 

R4, R15, R22—-2.2 meg- 
ohms, lw. 

R5, R7, R23, R25—3000 
ohms, +1%, 14w. 

R6, R27—500,000 ohms, 


LOW. 
R9, R20—100,000 ohms, 


low. 
Rll, R12, R29—5000 
ohms, +5%, Yaw. 
R13, R14—200,000-ohm 
potentiometer, linear 
taper. 
R16—330,000 ohms, lw. 
R17—10,000 ohms, %4w. 
R18—20,000 ohms, 4w. 
R24—100,000-ohm 
potentiometer, linear 


taper. 
R31—150,000 ohms, %w. 
NOTE: All resistors are 
composition or deposit- 
ed carbon types—no 
wire wound resistors 
may be used. 


Fig. 7-3-A. "Dome" audio phase shift network 


with an effective range of 50-5500 cps. For 
alignment information see reference footnotes 
and text material. 


This particular network* was used by L. J. 
Russo,** W3JTU, in several phasing exciters 
and found to work satisfactorily. The networks 
were constructed using 2% tolerance con- 
densers and 1% tolerance resistors. The maxi- 


mum phase error between the two output volt- 


ages was found to be not greater than 1.5 de- 
grees. This would account for a maximum 
possible sideband suppression of 37.5 db. This 
figure would probably be degraded slightly by 
the possibilities of error in the r-£ phase-shift 
network or inequalities in the amplitudes of 


* Available from B&W as their Model 350, Type 2Q4. 
** Byrom a thesis for M.S. at the University of -Pennsyl- 
Vania, 


Speech Restriction 


the audio or rf signals fed to the balanced 
modulators. : 

The circuit configuration of Fig. 7-3-C is the 
same as the audio phase-shift network used 
by Norgaard in_ his “SSB: re 4ooand-in Athe 


‘Central Electronics ‘Multiphase’ exciter de- 


scribed in Chapter II. This network is shown 
in Fig. 7-3-D for comparison purposes. ‘The 
circuit values are different but the performance 
is the same. 


Network Input and Output Impedances 


The networks shown in Fig. 7-3-C and Fig. 
7-3-D must be properly matched in order to 
perform properly. The input impedance must 


Fig. 7-3-B. Basic element of passive R/C audio 
phase-shift network. 


be kept low—500 ohms or less while the output 
impedance must be infinitely high—in practice 
a pair of class-A amplifier grids. If these con- 
ditions are not met no guarantee of the net- 
work performance can be made. 

Note that the 500-ohm potentiometer (R)5) 
used on the input to the phase-shift network 
of Fig. 7-3-C will not be in the midpoint posi- 
tion when properly adjusted. This control 
should be set up at a frequency of 1000 cycles 
so that the output voltages are at 90° relation, 
as shown by a circular pattern, when the two 
signals EJ and £2 are connected to the hori- 
zontal and vertical amplifier terminals and dis- 
played on an oscilloscope. ‘The pattern may 


not be circular even when the network is prop- 


erly adjusted due to unequal channel gain 
settings and in this case the two axes of the 


C2 R2 C4 
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Cl, C3—680 wyfd., =2%, 

silver mica. 

C2, C4—430 mwufd., 2%, 
silver mica. 

R1-—487,500 ohms, £1%, 
deposited carbon, law., 
IRC. 

R2—770,000 ohms, +1%, 
deposited carbon, Yw., 
IRC. 


R3—125,000 ohms, +1%, 
deposited carbon, Mw., 
IRC. 

R!—198,000 ohms, +1%, 
deposited carbon, 44w., 
IRC. 


R5—500-ohm, potentio- 
m_ter, carbon. 


Fig. 7-3-C. Complete passive audio phase-shift 
neiwork with an effective audio range of 300- 
3000 cps. 


C1—4860 pufd., +1%, R2, R4—133,300 ohms, 


‘silver mica. +1%, Yow. 
Se ee 1a, R5—1600 ohms, +5% 
silver mica. , ' 
C3—1215 mwufd., +1%, Yaw. 
silver mica. R6—100-ohm _ 
sh ala: ee =1%, potentiometer. 
silver mica. 
Ri, R3—100,000 ohms, R7—430 ohms, +5%, 
=1%, Yew. low. 


Fig. 7-3-D. Passive audio phase-shift network 
used in the "SSB, Jr.’ and the 'Multiphase.” 


ellipse pattern should be made to be at right — 
angles to each other. Once this control is set 
there is no further need for adjustment. ‘The 
network as used in the “Multiphase” exciter 
has fixed values of voltage dividing resistors 
and no adjustment is necessary. 


Restricting the Speech Spectrum 


Since the two passive networks are phase ac- 
curate over a 10-to-1 speech frequency range 
(300 to 3000 cps) measures should be taken to 
restrict the speech frequencies to that range. 
Any speech frequencies outside the 300 to 3000 — 
cps limits that pass through the phase-shift net- 
work will come to the dual output terminals 
without the necessary 90-degree relationship. 
This means that unnecessary spectrum space is 
being used both on the wanted sideband side — 
of the carrier frequency and on the unwanted 
sideband side of the carrier over 3000 cycles 
distant from the carrier. Thus, on the sup- 
pressed sideband side of the carrier there will 
probably, be satisfactory suppression of the side- 
band frequencies from 300 to 3000 cycles from 
the carrier and unsatisfactory suppression from 
3000 cycles on out to the limit of the trans- 
mitted speech spectrum. The high-frequency — 
sibulant sounds of human speech extend well 
beyond 3000 cps. Harmonic distortion in the 
speech amplification stages also produces audio 
signals higher than 3000 cps. 

Therefore, it is necessary to insert a low-pass 
audio filter in the speech system preceding the 
phase-shift network. ‘This filter must effectively 
attenuate the speech frequencies above 3000 
cps. This can usually be accomplished by a 
single-section balanced pz filter of the type 
shown in Fig. 7-3-E. This filter must have a low 
characteristic impedance so that it can work 
into the low input impedance of the network 
shown in Fig. 7-3-C. 3 

The 26 mh. coils of Fig. 7-3-E (LI and L2) 
can be toroid-wound inductances or can be a 
pair of slug-tuned TV-width adjusting coils 
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R-F Phase 


that are available in all television parts stores. 
The Stancor WC-) coil has an inductance range 
of 4 to 39 mh. and should be adjusted to the 
specified 26 mh. value by using an impedance 
bridge or Q-meter. If such an instrument is 
not available the slug setting can be made by 
resonating the coil with a 0.1 wfd. condenser at 
3120 cps. The layout shown in Fig. 7-3-F can 


be used for adjusting the slug. The oscilloscope 


or VIVM indication should be maximum for 
the series-resonant condition. [The two. coils 
should be mounted so that there is minimum 
mutual coupling between the windings. If 
toroidal coils are used, they may be mounted 
on the same mounting screw because a toroid 
has no external field. ‘The characteristic im- 
pedance of this filter is 500 ohms. 


Other Types of Audio Phase-Shift Networks 


There are other more elaborate networks 
with correspondingly more accurate phase and 
amplitude characteristics. ‘These usually have 
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FIG. 7-3-C 


— 
B+ 


C1, C2—0.1 pfd., 200v. Tl 
L1, L2—26 mh., toroid 

wound, or use a TV 

width coil as described 

in the text. 


—Plate-to-500 ohms 


Fig. 7-3-E, Speech frequency low-pass filter with 
a cut-off at about 3000 cycles. 


line audio transformer. 


The popular ‘SSB, Jr.’ de- 
signed by W2KUJ is an 
excellent example of an ex- 
citer employing ‘funda- 
mental phasing,’ where the 
sideband is generated on 
the same frequency as the 
output signal. 


(Courtesy General Electric) 


wider audio bandwiths and small phase error— 
an example of one would be a bandwidth of 
from 300 to 20,000 cps and a maximum error 
of 0.2 degrees. This particular network used 
12 resistors of the precision type and 10 pre- 
cision condensers. 

The networks described have sufficient band- 
width and phase accuracy to be satisfactory for 
most amateur applications. 


7.4—The R-F Phase Shift Network 


As mentioned previously the r-f signals that 
are fed to the two balanced modulators in a 
phasing exciter must have equal amplitudes 
and a 90-degree phase relationship. The phase 
and amplitude accuracy of the r-f network affect 


Detail view of the audio phase-shift network in 
the "SSB, Jr."' The resistors are precision values 
and the trimmers are in parallel with fixed 


"tune'' the network. 
(Courtesy General Electric) 


the sideband suppression in exactly the same 
manner that the audio phase-shift network 
does. ‘The same formulas that reveal the side- 
band suppression for given errors in phase rela- 
tionship and amplitude relationship for the 
audio network also can be used for the r-f 
phase shift network. Thus if there is an error 
of 1° in phase the sideband suppression will be 
40 db. and so on as discussed earlier in this 
chapter. 


values to 


- Shift Network — 


TUNE FOR RESONANCE 
INDICATION ON VTVM 


TO VTvm 
OR SCOPE VERTICAL 
AMPLIFIER 


Fig. 7-3-F. .Test set-up to be used in adjusting 
a TY width coil for a 26 mh. inductance value 
for use in the filter shown in Fig. 7-3-E. 


There are two general philosophies in build- 
ing phasing type SSB exciters and these are: 
(1) Build a fixed frequency phasing-type side- 
band generator and heterodyne the single side- 
band signal into the amateur bands of interest 
and; (2) Build a “fundamental phasing” type 
of exciter in which the sideband is generated 
at the same frequency as that desired for the 
output signal. 

The “Multiphase” exciter is an example of 
the first type and as such generates the single 
sideband at a frequency of 9.0 megacycles. ‘Thus, 
the r-f phase-shift network must be aligned to 
operate at only 9.0 Mc. For such fixed fre- 
quency service it is relatively simple to design 


= 


Fig. 7-4-A. R/L/C radio frequency phase-shift 
network. (See Table 7-4-A for values} 


an r-£ network that will perform quite well 
and give little error in phase and amplitude of 
the two output voltages. 

However, with the “SSB, Jr.’’9 the situation 
is different. The “SSB, Jr.” is an example of 
the second type of signal sideband exciter and 
generates the sideband on the fundamental 
frequency of operation. The so-called “W2UN]J 
exciter’’35 is also a fundamental-type phasing ex- 
citer. These units take a v-f-o signal at the out- 
put frequency and pass it through an r-f phase 
shift network and combine it with the dual- 
channel audio signal as already discussed. What 
happens to the phase and amplitude relation- 


Table 7-4-A: Values for use with the network 
shown in Fig. 7-4-A. The input impedance is 
50-ohms. 
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ships of the r-f network output. signals when 
the v-f-o frequency is changed must be of pri- 
mary concern. 


The R-L-C Network 


Figure 7-4-A shows the schematic of a simple 


r-f phase shift network which will perform — 


satisfactorily if the components are chosen 
properly. The phase relationship is always 90° 
regardless of the frequency if the component 


sizes are chosen to satisfy the following rela- 


tionships: 


RO ers 
nF, 


2rkR 


where F, is the center frequency of each ama- 
teur band. 

However, the amplitude characteristic of the 
network will not be constant. It is found that 
if the frequency is moved n per cent from the 
center design frequency, the amplitude dif- 
ference between the two output voltages will 


be n per cent. Knowing the possible values of 


n we can estimate the worst sideband suppres- 
sion that is due to the r-f phase-shift network. 
The 75-meter band is the widest amateur band 
percentage-wise, that is, the 200-kc. width divid- 
ed by the 3900-kc. mid-band frequency. Assum- 
ing a design center frequency of 3900 kc.,: the 
maximum deviation for the v.f.o. to cover the 
whole phone band would be 100 kc. Thus 
100/3900 x 100 = 2.56%. So for 2.56% change 
in frequency there will be a difference in am- 
plitude between the two output voltages of 
2.56% also. This will cause the sideband sup- 


Ci 
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Fig. 7-4-B. R/C radio frequency phase-shift 
network. (See Table 7-4-B for values) 


pression to be degraded to 37 db. if all other 
conditions are perfect. 

The input impedance of the network in Fig. 
7-4-A is resistive and is equal to R. The out- 
put impedance is very high and should not be 
loaded down by grid resistors or should not be 
operated into tube grids that draw grid cur. 
rent over a portion of the r-f cycle. 

If a value is assumed for the two equal re 
sistors such that we could match a v-f-o source 
—say a 50-ohm line, it is then possible to cal- 
culate the values of Land C. Table 7-4-A shows 


Table 7-4-B. Values for use with the network 
shown in Fig. 7-4-B. 


values that have been calculated for each ama- 
teur band from 80 through 10 meters. Com- 
ponent values for other assumed values of R 
can be worked out by the interested reader. 

The effect of nominal tube input capaci- 
tances shunting the inductive branch of the net- 
work is very slight and for all practical purposes 
may be neglected. An attempt should be made 
to hold any shunting capacity to a minimum, 
meaning no shielded leads on the output side 
of the network. 

The R-C Network 

Figure 7-4-B shows another r-f phase shift 
network that might be used. For each design 
center frequency, the capacitive reactance of 
the two condensers should be made equal to 
“the value chosen for the two resistances. 
The input impedance of this network is not 
a pure resistance and varies considerably with 
frequency. This might possibly give trouble 


7-4-B shows values calculated for assumed 
values for the R values of 50 ohms. 


The PI Network 


Figure 7-4-C is shown for informational pur- 
poses. ‘The over-all performance of this net- 
work is poorer than those of Fig. 7-4-A and 


Fig. 7-4-C. The "pi" r-f phase-shift network. 


7-4-B because a change of the variable oscilla- 
tion frequency causes both a change of phase 
and a change of amplitude so that the .overall 
exciter performance is considerably poorer than 
with the other two types of networks. Also 
since there is a slight loss in the pz section there 


is a certain amount of initial attenuation in 
the E2 signal that must be corrected by insert- . 


ing a small attenuation in the E/ circuit. 
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Pi Network — Phage Shit” 


by causing a varying load on the v.f.o. as the 
frequency is changed. Otherwise the charac- 
teristics of the output are similar to those of 
the R-L-C circuit shown in Fig. 7-4-A. Table 


The recent advent of the Collins ‘“‘mechanical 
filter” has made available to the experimenter 
selectivity that heretofore had been only 
dreamed of. The package was also very small. 
The literature has described the performance 
characteristics”.36.42 and a number of adapter 
units have been described that permit use of the 
mechanical filters in existing communications 
receivers.1.6,9 “To date, little has been men- 
tioned about using the mechanical filter in a 
-transmitter-exciter for single sideband use. The 
market price makes the 455-kc. units attractive 
for SSB generation. It is the purpose of this 
chapter to describe an exciter using the 3-kc. 
bandwidth Collins filter in complete detail. 

When it was decided to build an exciter 
specifically for publication in this book, it was 
thought that one would be designed that had 
everything including the “kitchen sink.” We 
recognize that the desires and requirements of 
the individual vary, so the end result has been 
to include as many features in the exciter that 
appear to be practical. The individual can 
delete the features that he deems unnecessary 
for his particular application. 

To get to specific examples: The exciter in 
cludes the following features: (1) Carrier IN- 
SERTION for tune-up or working stations unable 
to copy SSB, (2) SipEBAND SwitcHinc—permit- 
ting either upper or lower sideband _ transmis- 
sion, (3) VoicE CONTROL operation which per- 
mits virtually full duplex type of operation, (4) 
RECEIVER ANTI-TRip feature which permits 
loudspeaker operation while operating voice 
control, (5) V-F-O control, (6) provisions for 
“patching out” to an external band-changing 
heterodyne unit so that operation may be had 
on other than the fundamental 75-meter band, 
and (7) 6146 tetrode output stage that gives 
approximately 35 watts of peak output power. 
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Any of the above features may be eliminated 
without destroying the purpose of the basic 
exciter. The appropriate tube or tubes can be 
eliminated to make the unit smaller and less 
complex. The philosophy behind this exciter 
was not to make it as simple as possible, but to 
make it as sure-fire and conservative in opera- 
tion as possible. All of the circuits used in the 
exciter have been used in at least one and in 
most cases several exciters built by the author. 

The Block Diagram 

To successfully build and operate any trans- 
mitter the user must have a clear understanding 
of the function of each stage in the unit. Thus 
a block diagram (see Fig. 8-1-A) is in order to 
best explain the various inter-related functions 
of the single sideband exciter described in this 
chapter. 

Starting on the left of the block diagram, the 
microphone of the usual high impedance crystal 
variety feeds a two-stage SPEECH AMPLIFIER 
(6SN7). This provides more than adequate 
speech amplification. This stage, strictly speak- 
ing, is the only essential audio equipment 
needed in the exciter. A portion of the speech 
voltage is fed into the Votce CONTROL STAGES 
which will be discussed in a moment. The 
normal output of the speech amplifier feeds into 
the CATHODE FOLLOWER stage preceding the 
BALANCED Mopurator. The CatHopE Fot- 
LOWER serves as an impedance matching and 
isolating device between the speech equipment 
and the r-£ BALANCED MopuLator. 

The BAaLancep Moputaror stage is the two- 
diode series-type modulator discussed in Chap- 
ter VI. In essence, this stage combines the 
audio signals from the speech equipment and 
the r-f carrier signal from the block labeled L.F. 
XTAL. Osc. The output of the BALANCED Mopv- 
LATOR block consists of a double-sideband sup- 
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pressed-carrier signal in the region of 455 kilo- 
cycles. 

The-L.F¥. XTAu- Ose, block= consists. of oa 
Pierce crystal oscillator in which one of two 
crystals is chosen for sideband switching plus a 
resistive-coupled phase-inverter stage furnish- 
ing push-pull output voltage from the single- 
ended Pierce oscillator. This push-pull voltage 
is necessary for operation of the BALANCED 
MopuLAToR stage already mentioned. 

The block labelled CARRIER INSERTION is a 
cathode follower isolation stage whose output 
is adjustable with a potentiometer so that 
variable amounts of carrier may be shunted 
around the BALANCED MopuLator and ME- 
CHANICAL FitTer blocks to the input of the 
I-F Amp.irier. This permits the operator to 
insert any amount of carrier into his signal 
that he might desire without disturbing the 
critical carrier balance controls of the BALANCED 
MopuLaTor. Carrier insertion is convenient 
for transmitter tune-up, two-tone tests, and for 
working stations unable to copy carrierless SSB 
signals. 

The block labelled CoLiins FILTER rejects 
one of the sideband signals generated in the 
BALANCED MopuLator and allows the other to 
pass through to the I-F AMPLIFIER. 

The block labelled I-F AMPLIFIER 1s just what 
the name implies. It is exactly like the i-f am- 
plifier stages encountered in many run-of-the- 
mill receivers. The cathode resistance is vari- 
able making the gain also variable. ‘The signal 
that this stage receives from the filter is a 
single-sideband suppressed-carrier signal and 
thus the stage must operate class A to faith- 


fully reproduce the signal. This stage is neces- ing to any amateur band. A_ band-switching © 
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Fig. 8-1-A. Block diagram of the SSB transmitter using the mechanical filter. 


sary to make up the insertion loss of the 


mechanical filter and provide sufficient signal 
for the next stage. 


The next stage is the Mrxer and this is again 
very similar to the mixer stages used in many 
receivers. The Mrxer combines the 455-kc. SSB_ 


signal and the c-w signal from the VFO. The 
output circuit of the MrxerR stage is tuned to 
the additive mixture of the 455-kc. SSB signal 


and the 3350 to 3550 kc. y-f-o signal. You can_ 


see that this results in an SSB signal that falls 


in the 3800 to 4000-kc. amateur ‘phone band. 


Our SSB signal is now at a useful frequency. 


Thus our next stage is the 4-Mc. AMPLIFIER — 


which operates in class A and provides voltage 


amplification of our SSB signal. The output of 
this stage, you will note, goes to a chassis out- 
put terminal and is immediately connected back | 


into another terminal that leads to the output 


ki 


stage, the PowerR AMPLIFIER. The reason for 
this round-about path for the signal is to pro-_ 


vide multi-band operation of the exciter. For. 


fundamental operation in the 4.0-Mc. band, the 
signal should be patched back in as shown by 
the dotted line between the inter-stage termi-— 
nals. For operation on other amateur bands, | 
the signal is patched through a coaxial line to” 
a separate mixer unit that again heterodynes— 
the SSB signal from 4.0 Mc. to any other ama- 


teur band of interest. 


‘The signal received at the input of the— 


POWER AMPLIFIER is either from the preceding 


4-Mc. AMPLIFIER at a frequency in the 75-meter 
band or from the external heterodyne unit at 
a frequency in the 7.2 or 14.2- megacycle bands. 
Thus the input circuit must be capable of tun-_ 
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arrangement was used. ‘The PowrR AMPLIFIER 
stage is a power tetrode (type 6146) operated 
in class AB;. The output is in the neighbor- 
hood of 35 watts peak power and is at the fre- 
quency of the input signal of the stage, in other 
words, the stage always runs “straight through.” 
Frequency multiplication is taboo in single 
sideband power amplifiers. The output circuit 
is again a band-switching turret -with link 
coupling to the antenna or high-power ampli- 
fier circuit. 
Voice Operation 

We have thus far covered all the essential 
operational features of the exciter except the 
Voice Controt AMPLIFIER and Reve. ANTI- 
Trip blocks. A portion of the speech amplifier 
signal is shunted into the block labelled Voice 
Controt Amp. This two-stage amplifier boosts 
the amplitude of the audio signal to a high 
level and feeds it to the voice control relay cir- 
cuit, VOX Reray. Here, the speech signal, 
when present, operates the 3-pole, double-throw 
relay. ‘Thus when the microphone is spoken 
into the relay is operated. When the relay is 
operated the plate and screen voltages are ap- 
plied to the Mixer stage and to the 4-Mc. Amp. 
stage. Another pair of contacts on the relay 
applies the screen voltage to the Powrer Amp. 
Stage. 

The block labelled Rcvr. AntI-Trip is inter- 
locked with the Voice Controt Amp. circuits so 
that any signal that comes out of the receiver 
loudspeaker and enters the microphone circuits 
will not trip the VOX Retay. This is ac- 
complished by taking a portion of the voice 
coil receiver signal and applying it to the relay 
control circuits so as to oppose the action of 
the regular Voice Controt Amp. signal. A de- 
(ailed discussion of the operation and circuitry 
is covered under the next section. 


-8.2—The Circuitry 


The Speech Amplifier 

Refer to Fig. 8-2-A for all discussion in this 
section. The microphone input circuit is for 
the usual variety of crystal microphone. Choke, 
Ch-I, and C7 form a simple L-section, low-pass 
filter that prevents r.f. from getting into the 
speech system. The complete speech amplifier 
consists of the two sections of VJ, a type 6SN7. 
The speech channel gain control is R17. The 
output of the speech section feeds into the grid 
of the cathode follower, V2a, which in turn 
is the coupling device to the balanced modu- 
lator circuit. 

The Voice Control System 

The principle of any voice control system is 
to take a portion of the speech signal and am- 
plify it to a high level regardless of the amount 
of distortion in the wave shape that is pro- 
duced. In fact, limiting of the speech wave 
shape is desirable so that a more positive voice 
control action takes place. The high value of 
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Fig. 8-2-B. Inside view of the Collins mechanical 

filter used in the transmitter described in this 

chapter. The band-pass curve shows’ the car- 

rier frequencies and their relationship to the 

curve, See text on page 68 for additional de- 
tails. 


speech voltage is then rectified and used as ~ 
cut-off bias on a relay control tube. Most of 
the limiting action mentioned takes place in 
the cut-off characteristic of the relay tube, 
i.e., once the value of cut-off grid voltage is 
reached, application of more negative bias will 
accomplish no more than does just the bare 
essential for plate current cut-off. 

The rectified voice control voltage is applied 
to the relay tube through an R/C time-constant 
circuit which prevents the bias voltage from 
falling below the cut-off value between syllables 
and words of speech. The usual R/C time con- 
stant required for good amateur practice is 
between one-tenth and one-quarter of a second. 
To calculate the time constant, multiply the 
value of the resistance in megohms by the value 


B&W BTEL 
TURRET 


+750 


Fig. 8-2-A. Wiring diagram of the power am- 

plifier stage. The main schematic is on the 

facing page. The complete parts list for both 
schematics is below. 


of the associated condenser in microfarads and 
the answer will be in seconds. The time in 
seconds will be the time it takes the resistor to 
discharge the condenser so that the voltage ap- 
pearing across the condenser is down to ap- 
proximately one-third of the starting fully- 
charged voltage. It can be seen that the actual 
time the voice contro] system will stay ener- 


vized will depend not only on the R/C time 
constant but also on the amount of the peak 
rectified d-c voice control voltage. 

The input to the voice control channel is con- 
nected in parallel with the input to the second 
speech amplifier stage, the grid of Vib. The 
two potentiometers, R17 and R5, are connected 
in parallel with their sliders being connected 
to the second speech amplifier stage, VJ b, and 
to the input of the first voice control stage, 
V2b, respectively. This allows the voice con- 
trol gain to be independent of the speech am- 
plifier gain setting. This arrangement thus 
vives the voice control system three stages of 
amplification counting the first stage in the 
speech amplifier. 

The transformer, 73, on the output of the 
last voice control stage, V4a, is a step-up trans- 
former that gives still additional voltage for the 
VOX (voice control) system. The a-c voltage 
measured across the secondary of 73 should be 
between 200 and 300 volts rms for a good loud 
whistle in the microphone with the voice con- 
trol gain pretty well opened. The rectified d-c 
voltage appearing across the diode load re- 
sistor, R11, should be in the neighborhood of 
200 volts with the same conditions. This is 
more than enough to cut the relay tube, V5b, 
off. Under average voice input conditions the 


€1,° C3," C4—0:1- wid, 

: AO0Ov. 

C2, C5, Cé—1.0 pfd., 
400v. 

C7—50 puid., 100v., 
mica. 

C8, C10—25 wfd., 50v. 

C9. Ci, > C16, -<C17,.- C18, 

C19, C20, C22, C24, C27, 

C28, C30, C33, C34, C36, 

O37; C44, €52,.°€53; C54, 

C55, C56, C58—0.01 pw£d., 
600v. Centralab 
D6-108. 

C12—0.5 ufd., 200v. 

C13, C40, C41—3300 
ppefd., 600v., Centralab 
DG6=332.. 

C14, C15—15 wyfd., 
600v., Centralab 
D6-150. 

C51, C57—100 wyufd., 
600v., Centralab 
D6-101. 

C23—140 uwufd., variable, 
Hammarlund type 
APC-140. 

C25—140 mwufd., variable, 
Hammarlund type 
MC-140S. 

C26, C45—0.001 pfd., 
paper, 400v. 

C29--100 puufd., variable, 
Hammarlund type 
HF-100. 

C32—0.001 pfd., 2500v., 
mica. 

C31—-250 mwufd., variable, 
Hammarlund type 
MC-250M 

C35—50. uwufd., 600v., 
Centralab D6-500. 

C21, C38—500 upufd., 
600v., Centralab 
D6-501. 

C39—200 wufd., 600v., 
Centralab D6-201. 

C42, C47—50 wufd., 
variable, Hammarlund 


type APC-50. 

C43, C46—91 pyfd., 
600v., Silvered mica. 
C48—35 wuufd., variable, 
Hammarlund type 

MC-35S. 

C49, C50— 300 upfd., 
600v., Silvered mica. 
Chl, Ch2, Ch3, Ch4—R-f 
choke, 2.5 mh., Millen 

No. 34102. 

Ch5—R-f choke, 1.0 mh., 
Millen No. 34107. 

FL-1—Collins Mechani- 
cal filter, type F455A- 
31. 

L1—35 turns, #28 
enam., wound on 
National XR-50. 

L2—24- turns, #22 
enam., wound on 
National XR-50. 4 
turns +22 formex 
linked around cold 
end. 

L3—B&W ‘Band Hop- 
per” type 2A, Stock 
#3121. 

L4—B&W “BTEL’’ 
turret with 3.5 and 28 
Mc. coils removed. 

L5—27 turns, #22 
enam., close wound in 
center of National 
XR-16 form. 

M1—Meter, 0-200 ma., 
Simvson type 27. 

Rl, R5, R17—500,000- 
ohm potentiometer, 
IRC type Q. 

R2—1500 ohms, lw. 

R383. R10, R27, R39— 
10,000 ohms, 2w. 

R4—2.2 megohms, '4w. 

R6, R9, R14, R19— 
1500 ohms, lw. 

R7, R15, R26, R1s8- 
47,000 ohms, 2w. 

R8, R20, R24, R40, R42, 


R49—100,000 ohms, t4w. 
R11—1.5 megohms, low. 
R12—2700 chms, lw. 
R13—1.0 megohms, Mw. 
R16—22,000 chms, lw. 
R21—2200 ohms, lw. 
R22—4700 ohms, lw. 
R23—15,000 ohms, ow. 
R25—1000-ohm 
potentiometer. 

R28—6200 ohms, tw. 

R29, R50—1000 ohms, 
Tow. 

R30—220 ohms, Ww. 

R31, R32—22,000 ohms, 
lw. : 

R33, R37, R48—100 
ohms, lw. 

R34—100 ohms, Iw. 
Wind 6 turns of #22 
enam. around the 
body of the resistor. 

R35—6000 ohms, 10w., 
wire wound. 

R36—100 ohms, 4w. 
(two 200-ohm, 2w. 
resistors in parallel). 

R38—47 ohms, lw. 
Wind 6 turns of #22 
enam. around the body 
of the resistor. 

R41—220 ohms, lw. 

R43, R44—10,000 ohms, 
lw. ; 

R46—1000 ohms, 2w. 

R47—10,000-ohm 
potentiometer. 

R45—2000-ohm 
potentiometer. 

R51—1000 ohms, lw. 

R52—12,000 ohms, 2w. 

Ryl—Relay, 3PDT, 
10,000-ohm coil. 
Automatic Else. Mfg. 
type R-45L. 

Swl—SPDT toggle. 

: w2—SPDT toggle 

PL1-—Plug, male chassis, 
15 contacts, Jones No. 


P-315-EB. 

Ti—Input transformer, 
500/125 ohms pri., 
100,000 ohms sec. 
Merit No. A2924. 

T2, T3—-Interstage trans- 
former, 1:3 ratio. 
Stancor A-63-C. 

T4—I-f output, 455 kc.,; 
Miller No. 12-C2. 

Xtal 1—Crystal 453 kc., 
Knight type H 7. 

Xtal 2—Crystal 456.5 
ke., Knight type H17. 

Y1, Y2—Diodes, IN34A. 

V1, V2, V3, V4, 5— 
6SN7GT, RCA. 

V6—6AL5, RCA. 

V7—6SH7, RCA. 

V8—6SB7Y, RCA. 

V9—6AG7, RCA. 

V10—2E26, RCA. 

V11—-VR-105, RCA. 

V12—6146, RCA. | 

ALSO REQUIERED: 

1—Receptacle to match 
above plug, Jones 
S-315-CCT. 

11—Octal sockets. 

1—7-prong miniature 
socket. 

2—-Crystal sockets, 
Millen No. 33302. 

§5—Co-ax receptacles, 
SO-239. 

5—Co-ax plugs, PL-259. 


2—Coil shields, National . 


type RO. 
1—Dial, Millen 10039. 
1—Chassis, BUD 
# AC-417. 
1—Panel, BUD 
#PA-1106. 
1—Chassis mounting 
brackets, steel, BUD 
MB459. 
{—VFO box, BUD 
4”x5"x6”. 
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d-c voltage should run somewhere in> the re- 
gion of 60 or 70 volts. This assures that the 
relay will drop out and operate the various 
exciter and receiver circuits without chopping 
off the first syllable of the first spoken word. 
The VOX gain control should be advanced far 
enough so that the system holds in between 
normally spoken words and syllables. A VOX 
system with insufficient gain or too short a time 
constant will produce very choppy sounding 
speech at the receiving end of the circuit. How- 
ever, the time constant should not be so long 
that the circuit will not drop out during 
natural pauses in speech permitting the other 
station to break in for comment. 

The diode load, R//, for the VOX channel 
rectifier, V6b is not between ground and the 
erid of the relay tube, V5b, but is in series with 
another diode load and associated time-constant 
condenser which is part of the receiver antl- 
trip circuit. 


Receiver Anti-Trip Circuit 


This circuit is a refinement that has become . 


very popular with many amateurs that prefer 
to operate using a loudspeaker with VOX 
operation. Without the anti-trip circuit, any 
sound coming out of the loudspeaker would 
cause the VOX system to operate and give a 
false “operate” signal to all transmitter and 
receiver circuits. Since the VOX system is tied 
into the. receiver circuits, as soon as the VOX 


system operates, the receiver is disabled and 
the actuating loud speaker sound is interrupted. 
This causes the VOX system to “unoperate” 
once again energizing the receiver and so on. 
The net result is a motor-boating action with 
an oscillating rate determined by the loudness 
of the receiver signal and the system time con- 
stant. 

One solution to the problem without going to 
the anti-trip system is to use headphones so 
that the receiver signal cannot get back into 
the speech channel of the transmitter. Another 
solution to this problem is to use two micro- 
phones—one for the normal speech channel and 
the other (a throat microphone) connected into — 
the voice control channel. This has the obvious 
disadvantage of requiring the operator to as- 
sume the trappings of a jet pilot. However, © 
this does have the advantage that the operator 
is the only person who can _ possibly operate 
the system—obviously a very desirable feature 
for those operators with noisy junior op’s or 
other sources of high background noise. The 
author actually used this latter system for al- 
most a year and found it to be quite workable 
even though a good natured ribbing had to be 
taken occasionally from the rest of the SSB 
brethren. 


The principle behind the anti-trip circuit is 
to take some of the receiver output audio signal — 
from the voice coil circuit, amplify it, rectify 
it and apply it to the same relay control tube 


Above chassis view of 

filter exciter showing 

general arrangement of 

parts, The various tubes — 

~ and components may 

be identified by refer- 
ring to page 73. 
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associated with the transmitter voice-control 
system. This anti-trip voltage must be applied 
with its polarity opposite to that of the nega- 
tive voice-control voltage. Thus the anti-trip 
voltage is connected so as to apply a positive 
voltage to the relay control tube, V5b. ‘Trans- 
former TJ of Fig. 8-2-A is a line-to-grid trans- 
former. This transformer matches the receiver 
500-ohm output impedance to the grid of tube 
Via. 

It can be seen that the anti-trip system has 
only one stage of amplification. The gain con- 
trol for this section is R/. Transformer T2 
which couples to the diode rectifier is identi- 
cal to T3 used in the VOX channel. The two 
diode load resistors for the anti-trip and VOX 
systems are connected in series so that thé volt- 
age appearing between ground and grid of 
the relay tube, V5b, is the algebraic sum of the 
negative voltage of the VOX system and the 
positive voltage of the anti-trip system. 

The theory of operation is simple and can 
be explained as follows: When the operator 
speaks into the microphone a negative voltage 
is generated in the VOX channel but the 
operators speech does not generate a positive 
voltage in the anti-tvip channel. This causes 
the relay tube to be cut off and operate the 
transmitter and receiver circuits in a normal 
fashion. If, however, a signal is coming out 
of the station loud-speaker, it will enter the 
microphone and cause a negative voltage to 
be generated as before. However, simultaneous- 
ly the electrically-connected circuit from the 
voice coil to the anti-trip circuit will generate 
a positive voltage resulting from the same 
signal coming out of the loud speaker. These 
two opposite-polarity d-c. voltages appear across 
their respective load resistors and depending 
on which is greater the relay tube will operate 
or not operate the VOX relay. If the antt-trip 
eain control, RI, is set high enough the posi- 
tive voltage appearing across the diode load of 
V6a (R4) will be slightly greater than the nega- 
tive voltage appearing across R// thus causing 
the grid of the relay tube, 5b, to swing slightly 
positive. The high values of the series connected 
diode load resistors prevent the tube from 
drawing excessive grid current and_ resultant 
high plate current by acting as grid current 
limiting resistors for the positive grid operat- 
ing region of V5b. 


The Relay Circuit 


The contacts of the 3-pole, double-throw 
voice-control relay, an Automatic Electric 
R45-1., perform all the switching functions of 
the voice-control system. One set of contacts 
apply and remove the plate and screen voltages 
to the mixer stage, /8, and to the 226 stage, 
V10. The second set of contacts apply the +250 
volts to the screen grid of the power-amplifier 
6146 stage when the voice control circuit is 
actuated. When in the non-operate condition, 
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a --60 volts is applied to the screen grid of 
the 6146 tube. This feature of swinging the 
screen minus during stand-by periods may not 
be necessary for use of the exciter, by itself, but 
is quite necessary if the exciter is followed by a 
high-gain amplifier. In this case, the very slight 
residual plate current of the 6146 will create 
electron shot-noise in its output circuit which 
will be amplified by the following stage. After 
amplification this noise (identified as a rushing: 
sound in the receiver) may have sufficient. 
strength to block the shack receiver when the 
exciter is in the stand-by position. 

The third set of contacts on the relay are 
used to control the station receiver by what- 
ever means available. The particular wiring 
arrangement shown in fig. 8-2-d is for shorting 
the voice coil of the station loud speaker. Thus 
the second section of VorcE CONTROL ON-OFF 
switch, Sw/, opens the armature circuit when 
the switch is thrown over to the “OFF” posi- 
tion (or manual operation). ‘This permits turn- 
ing the exciter on to “zero in” on another SSB 
station. To do this the station receiver must 
be active and this would be impossible without 
the additional switch section. If non-VOX 
operation of the exciter is desired for an actual 
QSO, the station receiver must be disabled 
manually by the operator. This is a rare oc-_ 
currence, the author has found. If some other 
method of controlling the receiver is desired, 
such as opening the cathodes of the i-f ampli- 
fiers or r-f amplifiers, or removing the B+ from 
some of the stages (always leave the B+ on the 
h-f oscillator) the following circuit changes must 
be made. The connections to Sw/ must be 
changed so that the appropriate switch section 
(Fig. 8-2-A) is no longer in series with the 
armature lead to the external circuits. ‘The 
arm of this section of SwI must be connected — 
across the armature and the relay contact used 
to control the receiver circuits. This is a simple 
modification, but has been pointed out for 
clarity of operational functions. 


The Balanced Modulator 


The balanced modulator is the point at_ 
which the first step of making a single-sideband 
suppressed-carrier signal takes place. That is, 
the suppressed carrier part of the operation is 
produced. The output of the balanced modu- 
lator that exists across’ the input terminals of 
the mechanical filter is a double-sideband sup- 
pressed-carrier signal. The operation of this 
type of modulator circuit was covered in de- 
tail in Chapter VI. 

The cathode follower, V2a, isolates the audio 
stages from the modulator and simultaneously 
provides a proper impedance transformation. 
The condenser, C/3, appears as a low reactance 
at the 455-kc. carrier frequency and thus creates 
the appearance that the audio cathode follower 
stage has a low-impedance at the carrier fre- 
quency. However, the same cathode follower 
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‘stage must appear as a relatively high im-— 


pedance at audio frequencies. This takes place 
because the reactance of C13 is high in the 
audio-frequency spectrum. Condenser C/2 acts 
as a d-c blocking condenser so that the cathode 
bias developed across R2/ will not disturb the 
operation of the two diode rectifiers. ‘The 
audio voltage appearing across R2/ should not 
exceed about 0.5 volts peak value. 

The balancing controls, R45 and C42, are 
necessary to correct for both resistive and 
capacitive unbalance in the modulator circuit. 
The potentiometer corrects for inequalities in 
the output voltage of the phase-inverter stage, 
V’3b, and any difference that there might be in 
the characteristics of the two germanium diodes, 
Y?7 and Y2. The air variable condenser, C#2, 
in parallel with C43 corrects for the differences 
in the output capacities of the phase inverter 
stage and the stray circuit capacity. 

Because two different carrier frequencies are 
used (the sideband switching feature) it may 
be necessary to rebalance the carrier suppres- 
sion controls when switching sidebands. This 
was thought to be no great disadvantage since 
_ the sideband switch is generally operated only 
when changing bands. In the exciter described, 
the carrier did not rise to an annoying level 
when the sideband switch was thrown. It might 
be possible to arrive at a compromise setting of 
the balance controls so that a usable suppres- 
sion of the carrier could be realized for both 
sidebands. If the carrier is suppressed greater 
than 20 db., the amplifiers will not be burdened 
by the “useless carrier.” A suppression of 30, 
or more, db. is desirable so that the heterodyne 
to adjacent channel stations will not be annoy- 
ing. With the exciter shown, after warm-up, a 


Above chassis view showing P.A. stage and shield. 


stable suppression of 60 db. was possible using 


the arrangement shown in Fig. 8-2-A. 
It may be necessary to change the capacitive 
balance condensers to the other end of the 


balance potentiometer, R45, in order to ac — 


complish perfect balance. The opposite posi- 
tion should be tried if there is any question 
about getting a satisfactory balance. The two 
balance controls must be. adjusted alternately 
for minimum carrier at the exciter output. 


The Low Frequency Crystal Oscillator 


This stage uses the conventional Pierce oscil- — 


lator circuit. The only precaution that the 
constructor must take is to provide enough 
feedback to allow the low-frequency crystals to 
oscillate, and yet not too much feedback so 
that the crystals are damaged. The circuit 
parameters shown in Fig. 8-2-4 have proven 
satisfactory for several different crystals of the 
war surplus and new commercial types. Con- 
densers, C35 and C39, determine the amount 
of plate-to-grid feedback. A portion of the 
plate-to-ground r-f voltage is fed back in series 
through the crystal and appears between the 
control grid and ground. If ‘the capacity of 
condenser C35 is increased, the impedance of 
the grid-to-ground circuit is decreased and thus 
the feedback voltage is also lowered. The re- 
verse is of course true. If the crystal used is a 
normal active unit, it should oscillate with the 
values shown and the plate voltage indicated. 
The r-£ voltage at the plate of the oscillator 
should be between 10 and 20 volts. — ’ 

The selection of the two low-frequency crys- 
tals is dictated by the shape of the response 
curve of the Collins mechanical filter. See Fig. 
8-2-B for the response curve plotted from the 
filter used and the proper frequency for the 
two crystals. It can be seen that the proper 
placement of the carrier frequency should be 
approximately 20 or 25 db. down on the slope 
of the filter response curve. This indicates 
that frequencies of 453 kc and 456.5 ke would 
be the proper selection for the indicated con- 
ditions. When this curve is compared with 
published Collins typical filter curves it was 
found that they fell close to what the company 
considers to be the average characteristic. How- 
ever, each filter used should be checked to 
determine at what frequencies the ‘20 db. 
down” points occur. The crystals actually used 
were the H-17 type from the James Knights 
Company, Sandwich, Illinois. Appropriate crys- 
tals of the surplus FT-241 type may be used if 
available. 


The Phase Inverter 


The function of this stage-is to furnish a 
push-pull output voltage to drive the balanced 
modulator. This “double-ended cathode fol- 
lower,” as some people call it, furnishes two 
equal output voltages which are 180 degrees 


out-of-phase with each other. The gain of the — 
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~ INDICATOR 


CO 8 


C1—40/40 wfd., 450v., 
Mallory FP-212. 

C2—16 wfd., 450v., 
Mallery RS-216. 

C3, C4— 50 wfd., 150v., 
Mallory F'P-115. 

C5, C6é—10 wufd., 1000v., 
Mallory TX 825. 

Li, L2—8 henries, 250 
ma., Chicago RC-8250. 


_M1—Milliammeter, 0-1.0 


ma., Simpson No. 27. 


R1—5000 ohms, 25w., 


wire wound, adjust- 
able. 

R2—40,000 ohms, 10w., 
wire wound. 

R3, R4—100 ohms, 2w. 

R5—2000 ohms, 10w., 
wire wound. 

R6é—40,000 ohms, 50w., 
wire wound. 

R7—4000 ohms, 25w., 
wire wound, adjust- 
able. 5 


Rs, R9, R13, R14— 


500,000 ohms, 1w., 
see text. 
R10, R11—100,000 ohms, 
lw., see text. 
R12—50,000 ohms, 1w., 
see text. 


| R15—1.0 megohm, tw. 
| T1—Transformer, 400- 


80-0-80-400v. @ 250 
ma., 5.0v. @ 6 amps., 
5.0v. @ 2 amps. 6.3v. 
‘@ 1 amp. Chicago 
PCC-250. 


> 75OV 


re 


8H 
5R4GY CTC-RC8250 


6.3V, 7A a 


T2—900-750-0-750-900v 
@ 325 ma. Chicago 
P67. 

Srl, Sr2—Selenium recti- 
fiers, 150 ma., 130v., 
Federal 1005A. 

Swl, Sw2—SPST toggles. 

Sw3—Rotary switch, 
2-gang, 2-pole, 
11-position, Centralab 
type 1321L. 

ALSO REQUIRED: 
2—Dial light assemblies, 
one red, one green, 

Dialco #75. 


2—-Blown fuse indicators, 


Dialco series 95408 
with NE-51 neon 
bulbs. 

1—Chassis, 10”x17”x3”, 
ICA #29017. 

1—Panel, 10%4”x19’x1”, 
BUD, PA-1106. | 

1—Pair, steel chassis 
mounting brackets, 
BUD, MB448. 

4—-Octal sockets. 

1—Receptacle, a-c power, 
Amphenol No. 61-F11. 

i—Socket, 15 contact, 
female, Jones types 
S815AB. 

1—Plug, 15 contact, 
male to match above. 

2—Fuse holders, Littel- 
fuse 342001. 


Fig. 8-5-A. Power supply wiring schematic and 
essential parts list 


stage is less than unity, so with the balanced 
modulator load removed (C40 and C41 discon- 
nected) the rf voltages from cathode and plate 


O415}/+ 750V 


O 7 |+ 300V UNREG 


0 40]+250V REG 


to ground of V3b should be almost equal and 
should be slightly less than the r-f voltage from 
control grid to ground. This unloaded voltage 
is usually about 10 to 15 volts. When the 
balanced modulator is connected to the two 
output terminals, the voltage will drop con- 
siderably—usually to about 2 or 3 volts rms. 
This will depend to a great extent upon the 
position of the balancing potentiometer arm, 
R45. If the arm is in the middle of the range, 
the voltages should be as indicated. 


The Filter 


Little more can be said about the mechanical 
filter unit. Fortunately all the hard work and 
misery of alignment has been taken care of by 
the manufacturer. It should be mentioned that 
isolation of the input and output circuits of 
the filter must be realized or the selective 
characteristic of the filter will be ruined by 
‘Jeak-around.” This creates the effect of filter 
failure causing the suppressed sideband to re- 
appear. A small metal shield was placed be- 
tween the input and output terminals and care 
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was taken to route signal and power wiring so 
that stray pick-up by these leads would not act 
as a signal-shunt around the filter. 

Condenser, C/4 and C15, that are across the 
input and output terminals of the mechanical 
filter respectively are necessary to properly reso- 
nate the input and output tuned circuits of 
the filter. The actual capacity sizes were those 
recommended by Collins for the particular filter 
used. If a different model filter is used, con- 
sult the Collins literature for the correct tuning 
capacities. 


The Carrier Insertion Amplifier 


The term “amplifier” is strictly not valid 
here because !’4b operates as a cathode follower 
and thus has a stage gain of less than unity. 
However, it does provide isolation between the 
crystal oscillator stage and the grid of the i-f 
amplifier where the carrier signal is fed. The 
potentiometer, R47, provides for sufficient car- 
rier voltage so that full exciter output can be 
realized for tune-up or CW operation. 

The isolation resistor, R24, prevents the rela- 
tively low output impedance of the cathode 
follower from loading down the grid circuit of 
the i-f amplifier or loading down the filter out- 
put impedance and changing its selective prop- 
erties. 


The I-F Amplifier 


This stage is very conventional and little 
need be said concerning its construction and 
lay-out. The normal precautions were taken to 
use plenty of good low-inductance bypassing 
(ceramic condensers) and to keep the input and 
output circuits. isolated. The stage as shown 
gave no signs of instability for any setting of 
cathode gain control, R25. ‘This stage is neces- 
sary to bring the SSB signal that is present at 
the mechanical filter output terminals up to a 
useful level for heterodyning. The r-f voltage 


that appears at the filter output terminals is in 


‘ke. signal level to a safe value. 


the vicinity of 0.05 volts and must be amplified 
so that the next stage can function properly. 
The full gain capabilities of the 6SH7 tube, 
V7, are not needed. However, it was found 
that the most linear operating condition for 
the i-£ stage was near full gain setting of R25, 
so the swamping resistor, R28, across the sec- 
ondary of i-f transformer, T4 was needed to 
bring the signal voltage at the mixer down to 
a safe value. 


The Mixer Stage 


The familiar 6SB7Y tube is used in the 
mixer stage that heterodynes the 455-kc. signal 
up into the 75-meter phone band. This is ac- 
complished by mixing the SSB signal with the 
v-f-o signal furnished by the Clapp oscillator, 
V9. The circuit in the plate of the mixer tube 
is tuned to the sum-of the v-f-o and 455-kce. 
signals. This circuit is. tuned from the front 
panel and.should be peaked when greatly alter- 
ing frequency in the 200-kc. wide band. The 
slug in the plate coil is set so that the air 


variable condenser, C23, is turned to maximum 


capacity when the exciter is operating on 3800 
kilocycles. 
ing capacity were available on the control, it 
might be possible to tune the plate tank circuit 
to the frequency of the VFO which is not the 
signal desired at the output of the transmifter. 
The successful attenuation of the v-f-o signal. 
depends solely on the selective properties of 
the tuned circuits from the, mixer plate circuit 
on through to the exciter output. 

The oscillator injection voltage fed to grid 
#1 (pin #5) of V8 should be in the region of 
6 to 10 volts rms as measured on an r-f vacuum 
tube voltmeter. The signal voltage into signal 
grid (pin #8) should not exceed 0. 25 volts peak. 


‘This was done because if more tun- 


As mentioned previously, R28 was placed across — 


the secondary of 74 in order to limit the 455- 
If the value 
of resistance shown is not low enough to keep 


Under chassis view showing 
the part of the chassns oc- 
cupied by the i-f amplifier, 
mixer and 4-Mc, amplifier. 
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ingle Sideband hint 
BUILT IN/ 


Just one of the features 
of the New Pro-310! 


Single Sideband Operation is yours with the Pro-310 because exalted BFO 
and sharp selectivity are built in. The choice of “CW”, “AM” and “SSB” is 
made by simply positioning the toggle switch. 

Single Sideband Operation is just one of the features of the Pro-310. 
Others include: : 

e All frequencies can be read to 1 part in 5000...Band-spread is con- 
tinuously calibrated over the entire range from 550 KC to 35.5 MC, 
not just over a couple of selected bands as in most ordinary receivers. 
Exceptional Stability. 

High Image Rejection...on all 6 bands. Double conversion on the 
top 4 bands. 


e Other completely new design features... including rugged turret; 
modern etched and plated circuits in the RF section; sectionalized 
construction; and restful wrist-high controls. 


For more information on the new Pro-310, write to The Hammarlund Manufacturing Company, 
Inc., 460 West 34th Street, New York 1, N.Y. Ask for Bulletin SS 1. 
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stenal voltage within the limits men 
tioned, the resistance. should be lowered still 
more. Resistor R29 is a parasitic suppressor 
that has been found necessary in similar appli- 
cations. 

‘The plate voltage and screen voltage to this 
staoe are keyed by the voice control relay. As 
tried originally, the plate and screen were 
swune negative during voice control stand-by 
Wor.o ds, Lhe mixer -tube. did: mot. function 
properly under these conditions for when full 
plate and screen voltage were reapplied, when 
the relay was actuated, the stage did not un- 
block for two or three seconds. Thus the first 
few words were not transmitted. When the 
negative voltage-feature was removed. during 
sand-by periods, the stage functioned normally 
vil responded quickly to any input. signal. 
The blocking action was apparently a space 
charge effect in the tube because there were no 
R/C cireuits present that could account for the 
lone delay observed. 

The Variable Frequency Oscillator 

UVhe first requirement for v.f.o. for a single 
sideband transmitter is stability. The stability 
normally encountered in the usual AM-trans- 
mitter v fo. with the tolerant tuning and band- 
width of the shack receiver just isn’t good 
enough for SSB operation. The ever present 
eryof the SSB roundtables is, “Who's off fre- 
qucneyn ~ vor’ = Hey, Joe, you're driftine,come 
back. oo frequency.” 

The Clapp oscillator with its freedom from 
plate voltage and loading effects is a natural 
sorution to the problem. There is also the 


the SSB 
L: 


avestion of temperature effects on the tuned. 


circuit. to be considered. It was decided to 
take the easy way out of this last situation and 
remove the tuneck circuit and -its temperature 
sensitive components from any source of heat. 


As Long2® pointed out, it is possible to remote — 


the Clapp tuned circuit by use of coaxial cables. 


The cable capacity adds to that of the voltage — 


dividing condensers, C49 and C50. The cable 
length used with the exciter shown was 12 


feet so that the exciter could be mounted in — 


the main station rack and the y-f-o box mount- 
ed on the operating table near the receiver. 
The cables can be made any convenient length. 
The change in cable capacity with changes in 
length will have to be compensated for by the 


bandset capacitor, C4#7. Caution! Do not de- 


feat the purpose of remoting the tuned circuit 
by placing the v-f-o box on top of the receiver 
or near any other heat radiating piece of equip- 


ment. 
Resistor, R50, is a parasitic suppressor that 


-prevents the stage from oscillating at usually a 


low frequency dependent upon the r-f choke, 
Ch-5, and the circuit capacities. If such an 
oscillation takes place, it can be recognized by 
the multitude of rough-sounding spurious 
“birdie” signals that appear either side of. the 
fundamental v-f-o signal. Increasing the size 
of R50 or shunting Ch-5 with a resistor of a 
few thousand ohms will usually cure this 
trouble. : : 

The plate supply for the v.f.o. 1s the 250-volt 
regulated source from the power supply chassis, 
This v.f£.0. performed very well and resulted in 
excellent stability for SSB operation. 

The 4-Mc. Amplifier _ 

A type 2E26 tube is used in this stage of 
linear amplification. This particular tube was 
chosen in preference to the 6AG7 and others 


of similar characteristics because it has ex- 


hibited more stable operating tendencies than 


the other types tried. The fact that the plate 
connection came out the top of the envelope 
making it more convenient to isolate plate and 

: 


showing location of 
main components, 


Full under chassis view 
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MATCHMASTER 


Models 650 and 651 


A Dummy Load, R-F Watt 
Meter, SWR Bridge, 
Allin One 


Here’s the instrument you asked for. And once 
you've tried it, you’ll wonder how you ever got 
along without it. It provides, in one completely 
self-contained cabinet, 6” x 8” x 8”,— 


A Dummy Load—for all kinds of tests on your 
transmitter without putting a signal on the air. 
Maximum SWR 1 to 1.2 over a frequency range 
of 300kc to 30mc. 

A Direct-Reading R-F Watt Meter—for precise 
adjustments of all r-f stages up to 125 watts, 
and even higher powers by sampling. Excellent 
repeat accuracy over full 125 watt scale. 


Integral SWR_ Bridge—for matching antennas 
and other loads to your transmitter, giving you 
precise adjustment of beam antennas, antenna 
tuning networks, and mobile whip antennas. 
Controls — including a 3-position function 
switch, and a meter adjusting knob—are con- 
veniently grouped on the attractive, silk-screen- 
gray front panel, which also contains a 3-inch 
calibrated meter, and Type SO239 input and out- 
put connections. The ventilated steel cabinet is 
finished in attractive blue Hammertone. Two 
types are available; 
Model 650: 52-ohm line—Model 651: 73-ohm line 


For details, write for descriptive Bulletin 650. 


MULTI-BAND 
FREQUENCY 
MULTIPLIER 


Model 504C 


Gives You Any Band 
At The Flip of a Switch 


Here is a newly conceived and designed exciter 
unit that makes transmission on any band avail- 
able at the flip of a switch. Compact in its 8” x 
7” x 914" size, the Model 504C covers the 80 
through 10 meter bands with a nominal power 
output of 25 watts from the 807 amplifier stage 
through a flexible pi-network output circuit. Its 
broad band type amplifiers require no tuning, 
and the unit comes equipped with four 6AQ5’s 


that make up its multiplier string. An external 


VFO or crystal oscillator (80 meter fundamental) 
is required, as well as a suitable power supply. 
Sturdily constructed of heavy gauge frosted alum- 
inum, the Model 504C also makes an ideal basic 
mobile foundation unit for multi-band operation. 


AUDIO PHASE 
SHIFT NETWORK 


% Type 2Q4—Model 350 


This octal based, audio phase shift network 


provides a constant 90° phase shift, +.1,5°) overs 
the audio range of 300 to 3000 cycles, yet re- 


quires no more space than a 6J5 tube. Designed 


especially for single sideband receiving and 


transmitting applications. 


MULTI-POSITION 
COAXIAL SWITCH 


Model 550 


‘Takes The Mess Out of 
Switching Circuits 


At last you can have an inexpensive, multi-— 
position coaxial type switch—for selecting an- 
. exciters ... receivers — 


tennas ... transmitters . . 


. and other r-f generating devices using 52-75 _ 


ohm coaxial line—without fumbling or breaking 
your back trying to screw and unscrew connec- 


uons. This B&W Model 550 is equipped with SIX 
SO239 type connections for selecting any one of — 


five 52 or 75 ohm lines. It will handle 1kw of 


modulated power with a maximum crosstalk of 


—45db at 30mc. Housed in a heavy, 4” diameter 
aluminum case, the Model 550 is made for single 
hole mounting. 


On TH 


PRECISION TOROIDAL 
TYPE SSB BANDPASS 


FILTER 


_ Model 360 and 361 


Here is a precision bandpass filter valuable for 
use in heterodyne type sideband generation. Con- 
taining eight toroidal type coils in an LC type 
filter, it is designed to pass the frequencies 16.9 
to 20kc. Extreme skirt attenuation. Two types 
are available: a receiving type (Model 360) for 
20,000 ohm input and output; and a universal 
transmitting or receiving type (Model 361), for 


20,000 ohms input and an output of 20,000 ohms’ 


unbalanced, plus two 500 ohm balanced outputs. 
Both types are precision adjusted and housed in 
hermetically sealed, tinned steel cases measuring 
24g" x 24," x 334,", exclusive of mounting studs 
and terminals. Write for Bulletin 360. 
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~ SINGLE SIDEBAND GENERATOR — Model 515B 


For Use With B&W Model 5100 Transmitter 


Now, for the first time, you can get really 
sparkling performance on either SSB, AM phone, 
or CW. This B&W Single Sideband Generator 
teamed up with the famous Model 5100 Trans- 
mitter gives you outstanding SSB operation on 
all frequencies provided in the 5100. Tuning and 
operation are a breeze. No test equipment is re- 
quired. Single sideband signal is generated by a 
simple and efficient method perfected after two 
years of extensive research and testing by B&W 
engineers. No stone has been left unturned to 
give you such extras as voice operated and push- 
to-talk controls, a speaker deactivating circuit, 
TVI suppression, and unitized construction for 
quick and easy removal of any major section. 
Completely self-contained, the 51SB requires no 


237 Fairfield Avenue 


nc. Upper Darby, Pa. 


more external accessories than a microphone. 

Combine this Single Sideband Generator with 
the features of your Model 5100—150 watts 
input on SSB and CW, 135 watts on AM phone; 
VFO or crystal operation; pi-network final—and 
you’ve got a combination that will flutter the 
heart of the most critical operator. The 51SB 
cabinet is made to bolt right onto the 5100 
cabinet, extending the 22-inch length to 32 inches. 
Distinctive panel styling and appointments are 
the same for both. Easy to install, the 51SB 
comes factory wired and tested, complete with 
tubes and all necessary components to convert 
your Model 5100 Transmitter to SSB. This com- 
bination provides a superlative driver for any 
hi-powered linear amplifier. Write for Bulletin. 


These are just a few of the hundreds of products espe- 
cially designed and built by B&W to meet the needs of 
the radio amateur. Others are described in Catalog 2PC 
available upon request. Write for your copy. 
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-35-Watt 


grid circuits was thought to be a good recom- 
mendation. Ihe maximum allowable plate 
voltage and dissipation also made it attractive 
in case it became necessary to call upon it for 
a little more output signal to drive the external 
heterodyne unit. 

The grid is capacitively coupled to the pre- 
ceding mixer stage through C57. A_ small 
amount of fixed grid bias (minus 17 volts) is 
furnished from the exciter bias supply on the 
power supply chassis. It was found that the 
stage operates slightly into the class AB, re- 
gion and therefore ordinary cathode resistor 
bias could not be used. ‘The varying plate 
current under signal conditions would cause 
the grid bias to vary as would the stage’s oper- 
ating point on the tube characteristic curves. 
For this reason it was also necessary to regulate 
the screen voltage with a separate voltage reg- 
ulator tube. The stage idling plate current 
should be about 25 ma. 

The plate tank circuit is tuned to the 4.0-Mc. 
phone band. A four-turn link winding is 
placed around the ‘‘cold’’ end of the tank coil 
for output to the external heterodyne unit or to 
the grid tank of the 6146 output stage. Re- 
sistor, R36 (two, 200-ohm, 2-watt carbon re- 
sistors in parallel), was found to be necessary 
to swamp a tendency toward oscillation in the 
stage. Since this stage is capable of over two 
watts output, the power lost in the swamping 
resistor does not seriously affect the drive to 
the 6146 tube. There is still plenty of grid 
voltage swing available to operate the tube 
conservatively. 

The link winding is connected to a coaxial 
fitting on the back of the chassis so that it may 
be either patched to the companion fitting 
beside it for straight-through operation on 
4.0 Mc. or connected to the input terminal of 
the external heterodyne unit for multi-band 
operation. 

The Power Amplifier 
The output stage uses the “little power- 


house’ 6146 tetrode in class AB. Strangely 
enough no difficulty was encountered in this 


stage. The stage was completely stable and 


showed no signs of parasitic oscillation. 

The grid bias is again furnished from the 
minus supply in the power supply chassis. he 
plate current is adjusted for an idling value of 
35 ma. by adjusting the slider on resistor R7~ 
(Fig. 8-5-A) in the power supply chassis. For 
the two or three tubes tried, the average value 


of grid bias came out to be 58 volts for a d-c 


plate voltage of 750 volts with 250 volts on 
the screen grid. : 

The grid tank circuit utilizes a Barker & 
Williamson band-switching unit called 
“Band-Hopper,’ Type 2A. This tapped in- 
ductance unit tunes all bands from 80 through 
10 meters. It was found that it was necessary 
to use the band switch in the next higher-fre- 


the 


quency band position than that of the operat-_ 
ing frequency so that the correct L/C ratio - 


could be realized. The coupling to the grid 


tank is accomplished by running the low-im-_ 
pedance line input cable in series with the 


bottom of the grid coil to r-f£ ground. Con- 


denser, C27, prevents the d-c path from being 


shorted to ground by the link while RFC4 


allows the grid bias to be applied without load- 
ing down the input circuit. This system of 


coupling worked quite well and did not appear 


to reflect any tuning changes back into the 
preceding tank circuit as the grid tuning con-— 


denser C29 was rotated through resonance. 


The plate tank circuit uses a BUW type 


BTEL coil turret. ‘The correct plate load im- 


pedance for a single 6146 requires that about — 
110 wufd. be used on the 75-meter band. This 


is accomplished when the 
switched to the 40-meter position and tuned 
to resonance at 75 meters. The 80-meter coil 


BIEL unit is 


was removed from the bandswitch for space — 


reasons. Since operation was not contemplated 
above 20 meters, the highest frequency coil 


(10-meter coil) was also removed from the tur- — 


cuit components. 


Under chassis view 
showing mounting ar-— 
rangement and place- 
ment of P.A. grid cir-— 


y: 


¥ 


Pret ee ee 


17 


| 
| 
i 
1 
Al 
| YI 
3] /t 44 
ya “1 l—4 
14 1}H 
3 >! "3 
24 ay 
3 ea 
a Hen 


A/IG DIA | 


ARROWS IN “C" HOLES INDICATE : 
POSITION OF KEY WAYS IN TUBE 
SOCKETS» ‘ 


—wew ew we ww eww KM ww em Mw Mw ew BM ee em NM NM ee mee en ee ee ee aie ee eS ee 


swe-" 


a ee ! Sa rion Pa shes ee we Ba Ree aS some rede eae fete 
Se pe 


AUDIO 
AMPLIFIER 


MECHANICAL FILTER TYPES F455-Series and F500-Series..... $35.00 each. | 
FREE DESCRIPTIVE BULLETINS ARE AVAILABLE AT YOUR NEAREST DISTRIBUTOR | 


BALANCED 
MODULATOR 


LOW 
FREQUENCY 


OSCILLATOR 


Response of the 3.1 kc 
Mechanical Filter is char- 
acterized by nearly flat top 
and steep skirts on both 
sides of passband. Shape 
factor (ratio of band- 
width at 60 db to band- 
width at 6 db) is less 


than 2.25 to 1. 


MECHANICAL 
FILTER 


F455C-31 FILTER 
FOR SSB EXCITER 


Excellent sideband filtering is accomplished b 
F455C-31 Mechanical Filter in SSB generation, an: 
frequency characteristics are permanent. 

Using the Mechanical Filter does away with an 
loscope and other expensive test equipment required 
adjustment. 

Once adjusted to give the desired passband, the 
chanical Filter method permits the alignment and 
bration to “‘stay put.’ 

The Collins Mechanical Filter is rugged; depen 
ity is assured even under vibration up to 50 cps 
amplitude of 0.04 inch. 


Designed to save space, its case size is only 15/1 
2-13/16" x 1”. 


OECIBELS ATTENUATION 


=2 =A 10) +1 
KILOCYCLES FROM RESONANCE 


R-F 
‘AMPLIFIERS 


: SSB RECEPTION 
WITH 75A-3 RECEIVER 


Satisfactory SSB reception requires high stability, 
and the 75A-3 has it; quartz crystals, a different one 
for each band, control the h-f oscillator while the low- 
frequency injection voltage is supplied by the famous 
Collins permeability-tuned oscillator. 

But stability alone would be inadequate. Stability 
plus selectivity is required, and the selectivity curve in 
the 75A-3 is ideally suited to SSB reception. 

With the 75A-3, you don’t have to nurse SSB signals 
in with the b.f.o. Just set the b.f.o. knob for your choice 
of either sideband, then use only the main tuning dial. 


Selectivity curves of 455 
ke Mechanical Filters with 
nominal 0.8 kc (dotted 
line) and 3.1 ke (solid 
line) bandwidths at -6 
db. Also available are 
Filters for 6.0 and 1.2 ke 
bandwidths. 


DECIBELS ATTENUATION 
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455 KC I-F 
AMPLIFIER 


VARIABLE 
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AUDIO 
AMPLIFIER 


MECHANICAL 
FILTER 


CRYSTAL 
OSCILLATOR 


LLINS RADIO COMPANY, croar rapios, iowa 


261 Madison Ave., NEW YORK 16 1930 Hi-Line Drive, DALLAS 2 
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ret. This left the 40, 20, and 15-meter in- 
ductances used on 80, 40, and 20 meters re- 
spectively. Condenser, C32, is a d-c blocking 
condenser to prevent the plate voltage from 
appearing across the plates of the tank tuning 
condenser, C31. It was found in tests that the 
peak r-f voltage plus the d-c voltage was enough 
to cause arc-overs in the tuning condenser 
especially if the loading was a little light. 

Since the BUW BTEL turret has a fixed 
link arrangement it would be advisable to use 
some form of antenna coupling device to in- 
sure a proper amount of loading of the 6146 
output stage. If the unit is to be used as a 
driver for a high-power final amplifier, the 
variable loading feature can be taken care of 
in the next tuned circuit which would be the 
final grid tank. This could be accomplished 
by using a variable link coil in the high-power 
final grid circuit. 


8.3—Exciter Mechanical Lay-Out 


Figure 8-3-A shows the detailed sketch of the 
chassis and panel lay-out. While many of the 
features are self-explanatory, a few comments 
on certain items will be outlined to emphasize 
or clarify their importance. 

The lay-out plan used resulted in a grouping 
of all the audio stages in the left-front corner 
of the chassis (as viewed from the front panel). 
The rather large number of components re- 
sulted in a congested array of circuitry. This 
part of the chassis was nicknamed “confusion 
corner” for rather obvious reasons. ‘The under- 
side view of the exciter chassis will give the 
reader a fair idea of how crowded things came 
out. The insulated tie-strip which runs paral- 
lel to the front panel about two inches back 
from the front chassis wall is mounted above 
the tube sockets on 1%-inch bushings. This 
tie-strip supports all of the plate load resistors 
and plate decoupling resistors for tubes V1, V2, 


~ 35-Watt 


Wr, 


V4, and, V5. If reasonable care is taken in wir- 
ing in the various parts, a relatively neat ar- 
rangement can be made despite the number 
of components per square inch that have to be 
installed. No difficulty with hum or r-f pickup 
was experienced with the lay-out used. | 


A small shield must be installed separating 
the input and output terminals of the Collins 
mechanical filter, Fl-1. ‘This should be about 
3 inches in length and should extend for the 
full depth of the chassis—also 3 inches. As 
pointed out earlier, this is to prevent leakage — 
around the filter of any stray signal or carrier 
voltages. 


An effort must be made to keep all bypassing | 
lead-lengths as short as possible. ‘Tubular cera- 
mic r-f bypass condensers were used throughout. | 


The connections between the _ sideband — 
switch, Sw-2, and the two low-frequency-crystal 
holders (Millen #33302) should be kept as short — 
and direct as possible. These leads should not — 
be cabled up with other power and audio — 
leads. ‘This will save trouble in arriving at a- 
satisfactory carrier balance and also keeps rf. — 
out of the speech equipment. 


The shielded lead from the carrier insertion 
potentiometer, R47, to the grid of the i-f am- 
plifier, V7 will logically run near and past 
the mechanical filter position. For this reason 
it- was necessary to shield this wire. In the ex-— 
citer, a B+ wire also was routed past the filter 
and was also shielded to prevent leakage around — 
the filter. Both of these shielded conductors — 
were run along the bottom flange of the chassis — 
to keep them as far away from the filter termi-— 
nals as possible. } 


Audio transformers T2 and T3 are physically — 
mounted one over the other. One of the trans- 
formers is mounted above the chassis and the 
other is mounted below the chassis using the — 
same mounting bolts. It is unimportant which — 
transformer occupies 
which position as the 
leads for either position — 
are about the same 
length. 


‘ 


Under chassis view showing | 
arrangement of parts in 
the speech amplifier and 

voice control stages, 


Nes 


es 
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NOTE: 


495° BEND ALONG: 


-— + 


THESE LINES 


BENO 4 FLANGES UP 90° 


The orientation of the octal-tube base key 
positions were found to be the most satisfactory 
for direct wiring and shortest leads. 

The small letters that appear in each hole 
outline are the reference letters (or key) for 
the hole diameter shown in the tabulated box 
for Fig. 8-3-A. 

An effort was made to keep critical grid and 
plate circuits isolated from each other. ‘The 
policy followed was to keep one circuit above 
the chassis and the other below the chassis. 
This was accomplished in all cases with the 
exception of the placement of the 2E26 plate 
circuit and the 6146 plate circuit. Since the 


_. 2E26 plate tank is coupled to the grid tank of 


the 6146 stage fon 75 meters) this in effect 


AT BEND LINE 


Fig. 8-3-B. Layout and bending of the inter- 
stage shield used to isolate the 2E26 from the 
6146 stage. 


puts both the grid and plate circuits of the 
6146 above the chassis. An inter-stage shield 
was constructed that successfully isolates the 
two stages. See Fig. 8-3-B for a detailed sketch 
of the shield used. 

The front panel lay-out of controls is shown 
in Fig. 8-3-A in which the symbol identification 
as referred to Fig. 8-2-A is used. A different 
control arrangement may be used if care is 
used in keeping the r-f switching and control 
circuit wiring as short as possible. Whatever 
panel lay-out is used, it will always improve the 
appearance of the unit if control identification 
marking is used. Unfortunately, all the word- 
markings needed for a single-sideband exciter 
are not usually available in the commercial 
kits, but with a little patience, and not a 
little manual dexterity, individual letters may 
be assembled to form the desired words. 

The large cans used for shields around coils 
LI and L2 are National Co. Type RO units. 
The screw adjustments for the two National 
XR-50 slug-tuned coil forms come out under- 
neath the chassis. Once these slugs are set no 
further adjustment is necessary, therefore there 
is no need to make them available above the 
chassis. 

The back wall of the chassis has five coaxial 
cable sockets and a multi-terminal power socket 
visible. The two right-hand co-ax sockets (as— 
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viewed from the rear) are for the two coaxial 
cables of the remote-tuned Clapp v-f-o circuit. 
A multi-pin single-plug and socket arrange- 
ment could have been used just as well. The 
middle coaxial socket is the 2E26 output termi- 
nal. This will be connected to the socket 1m- 
mediately to the left for 75-meter operation or 
connected through a coax line to the heterodyne 
unit described in Chapter IX. The co-ax socket 
next to the 2E26. output is the 6146 grid input 
terminal. The far left socket is the 6146 out- 
put socket. 

A bottom chassis cover plate is recommended 
particulatly if the unit is mounted in the same 
rack with a high-power final amplifier where 
there might be a chance of r-f feedback into 
the low-level, high gain stages. 


8.4—The Remote VFO Box 


The box used to house the remote tuned 
circuits of the Clapp oscillator was a standard 
4”x5"x6” unit. The coil form used was a Na- 
tional XR-16 mounted on sturdy bushings so 
as to be physically mounted in the center of 
the box. The bandspread condenser is mount- 
ed. so that it aligns with the coupling of the 
Millen #10039 dial assembly. ‘The photo of 
the inside of the v-f-o box shows these de- 
tails clearly (see Fig. 8-4-A). All mechanical 
mountings must be sturdy as any mechanical 
vibration will seriously affect the frequency 
stability. The two co-ax lines that come in 
the back of the box must be anchored firmly 
so that any movement of the external lengths 
of the two cables will not move anything in- 
side the box and cause a frequency shift. 


8.5—The Power Supplies 


Figure 8-5-A shows the schematic for the 
power supply unit for the exciter. 


Fig. 8-4-A. Inside view of the remote v.f.o. 
control box. Details on the box and dial appear 
in the text above, 


The power supply chassis contains three 
power supplies: (1) the low voltage supply (350 
volts unregulated and 250 volts regulated), 
(2) the bias supply (minus 60 volts for the 


6146 and minus 17 volts for the 2E26) and 3 


(3) the high voltage supply (plus 750 volts). 


The Low-Voltage Supply 


The circuitry of the low voltage supply is 
quite conventional and little need be said. 


‘The dual 40 ufd. filter condenser and the 8- 


henry filter choke were found to be an adequate 
filter for the SSB exciter. One thing that 
should be kept in mind is that the low-voltage 


unit should not be operated for very long — 
periods of time with the power cable to the 


exciter chassis unplugged because the no-load 
voltage of the supply goes up to a value that 
exceeds the safe operating voltage of the elec- 
trolytic can-type filter condenser. The “goo” 
inside the can will cook out and the unit will 
lose capacitance and the filtering action will 
deteriorate. With the exciter cable plugged 
into the unit the normal idling load of the 
low-level stages in the exciter will provide suf- 
ficient load to keep the supply voltage within 
safe limits. 


The Bias Supply 


The Chicago Transformer Corp. transformer 
(PCC-250) used for the low-voltage supplies 
fortunately had taps for a bias supply at 80 
volts either side of the secondary center-tap. 
Selenium rectifiers were used in a full-wave 
supply. The two 100-ohm resistors, R3 and R4, 
are current limiting resistors to prevent damage 
to the selenium rectifiers. The bias supply 
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filter is the R/C type in which a 2000-ohm re- 
sistor is used in place of the conventional — 


filter choke. The bias supply filter condensers, 
C3 and C4, are the can-type and thus must be 
insulated from the chassis on the phenolic 
mounting wafers provided with them. This 


places the cans about 100 volts above ground 


and contact with them and the chassis will 
provide a mild shock-BEWARE! The tapped 


resistor, R7, has two sliders so that the two — 


bias voltages can be set to the correct value 
for the 2E26 and 6146 stages. 


The High Voltage Supply 


The plate transformer for the high voltage 
supply (Chicago type P-67) is rated conserva- 
tively and more than covers the requirements 


for the two exciters. The secondary is tapped — 


for 900 volts and 750 volts either side of the 
center-tap. “Che use of choke input on the 
supply permitted using the 900-volt taps so 
that the loaded output voltage of the supply 
was between 750 and 800 volts d.c. The out- 
put filter condensers are 10 ufd. at 1000 volts 
providing a total output capacity of 20 «fd. 
This is considered adequate filter for the load 


drawn, The low-voltage power transformer had 
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an extra 5-volt filament winding that is used 
for the high-voltage rectifier. This permits the 
high-voltage supply to be controlled in the 
117-volt primary circuit. The bleeder resistor, 
R6, provides a token bleeding action and serves 
to discharge the 20-ufd. filter condensers when 
the supply is shut off. 
Switching and Fusing 

Both the low-voltage and high-voltage sup- 
ples are fused individually and the fuses are 
connected in parallel with~ blown-fuse indica- 
tors which are nothing more than neon lamps. 
When the fuse blows, the line voltage appears 
across the neon lamp and indicates which cir- 
cuit is open. This feature provides convenient 
indication when trouble is encountered. 


Metering the Output Voltages 


Another feature that was included which 
might be considered unnecessary by many 
builders was the panel-mounted d-c voltmeter 
and circuit selector switch. ‘This six-position 
switch permits monitoring the six voltages sup- 
plied by the power supply unit. The feature 
appealed to the author because of the ease 
with which trouble could be narrowed down 
in the event of trouble shooting. The metering 
of the 6146 bias voltage also provides an indi- 
cation when the tube goes into the grid cur- 
rent region (shown by an increase in bias 
voltage). The gain can then be reduced so 
that the tube operates in class AB; with no 
grid current being drawn. 

‘The cresistors;, R&S RI; RIO, ALLE RE, RIS 
and R14, were selected from a group of resistors 
so that they had a value as close as possible to 
the value indicated. This directly affects the 
accuracy of the voltmeter readings as these re- 
sistors are the voltmeter multipliers. 
~The two series-connected multiplier resis- 
tors, R13 and R14, are each 0.5 megohm in- 


tain their value. Composition resistors will 
change their value if exposed to too high a 
potential. This may be a gradual process af- 


fecting the meter accuracy over a/long period 
ma. 


of time. The voltmeter itself is an 0 to 1 
full-scale meter. 


The Power Supply Mechanical Lay-Out 


Figure 8-5-B shows the power supply chassis 
and panel mechanical arrangement. The pho- 


tographs also give a good idea of just how the 


unit is arranged. The chassis was given a more 
or less symmetrical lay-out more for asthetic 
reasons than for practical ones. 


out affecting the basic operation of the unit. 


8.6—Exciter Initial Alignment 


Once the exciter is wired and given a care- 
ful check for wiring errors, the power supply 
should be connected through its power cable 
to the exciter chassis. The 2E26 and 6146 
tubes should be removed from their tube sockets 
fe the first phases of the alignment proce- 
dure. 


A BC-221 frequency meter would be very 


Changes in- 
the basic lay-out can certainly be made with- — 
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stead of being a single 1.0 megohm unit be- — 
cause the voltage limit per resistor cannot be 
exceeded if the resistors are expected to main- — 
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convenient if available. A receiver should also _ 


be available for monitoring purposes. Other 


test equipment that will be needed are a 
10,000 ohm-per-volt d-c voltmeter, and an r-f — 
_vacuum tube voltmeter or an r-f probe that 


could be used in conjunction with the standard 


d-c voltmeter already mentioned. An oscillo- _ 
scope would be desirable, but not necessary for 
the initial phases of the alignment. Actually 


the exciter has been successfully aligned with- 


out an oscilloscope being used for any step of — 


the procedure. 


Under chassis view of 


>> 


the power supply unit. _ 
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A complete 50 watt exciter-trans- 


mitter for SSB, AM, PM & CW. 
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A complete 50 watt exciter- 
_transmitter for SSB, AM, PM 


& CW. Wired and tested with 
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P-500 
500 Watt Linear Amplifier 


A completely shielded, wired and: tested 
linear amplifier - 2 knob tuning, tunes 80 
thru 10 meters - NO plug in.coils or band- 
switching - supplied with built in filament 
supply and tubes - matches 52 - 600 ohm 
antennas - Less HY supply. $197.50 
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The first thing that is to be done is to de- 
termine if all circuit voltages are as they 
should be. The power supply output voltages 
are easily measured with the voltmeter on the 
power supply unit front panel. The voltmeter 
should be used to check the voltage at each of 
the tube plates. The plate voltage measured 
at the plates of tubes ’/ through V5 should be 
between 100 and 150 volts for normal opera- 
tion. 


The Low-Frequency Oscillator 


The next step is to determine if the low- 
frequency crystal oscillator is operating. Using 
the BC-221. loosely coupled to the plate of 
the Pierce oscillator, V3a, and determine if 
the oscillator is operating at the marked fre- 
quency of the crystal in use. The r-f VTVM 
may also be used for oscillation indication. 
If no oscillation is present with either crystal, 
there apparently is insufficient feedback if the 
circuit 1s wired correctly. Lowering the value 
of C39 somewhat will increase the feedback to 
the oscillator grid circuit. Lower this value 
just enough to give satisfactory operation—too 
much feedback will damage the crystal unit. 
Once oscillation is obtained, the frequency of 
operation should be determined. The BC-221 
frequency meter comes in handy here. If sur- 
plus crystal units are used they should be care- 
fully checked as many of them will oscillate 
off-frequency. The r-f voltage from pin #2 of 
V3a to ground should be between 10 and 15 
volts rms. ‘This same voltage should appear at 
pin #4 of V3b and pin #1 of V4b. 

The Audio System 


Next determine if the speech channel is 
operating by monitoring the audio with a pair 
of high-impedance earphones the signal from 
pin #4 of V2a to ground. The signal should 
be clean and free of hum and should have 
sufficient volume to be heard with the gain 
control advanced toward maximum. The audio 
voltage across R21 should not run over 0.25 
volts for normal operation. 


balanced 
When the signal is monitored in the BC-221 — 


The Balanced: Modulator . 
The only alignment to be made on the 
modulator is the carrier balance. 


frequency meter, controls R45 and C42 should 
be adjusted alternately for a minimum of car- 
rier signal as heard in the head ’phones. The 


capacitive balance control, C42, may have to be ~ 


shifted to opposite end of the balance potentio- 
meter than that shown in Fig. 8-2-4. More or 
less capacity may have to be connected in 
parallel with the capacitive balance condenser 
in order to realize a perfect balance. Final 
balance of the circuit before operating should 
be made only after the unit has come up to 
operating temperature. : 


The I-F Amplifier : 
Next transfer the BC-221 coupling wire (in 
series with a 10 wufd. condenser) to the grid of 
V8 (pin #8). With the BC-221 tuned to 455 
kilocycles advance the carrier insertion knob 
slightly until a weak heterodyne is heard in 
the headphones. Align the slugs of the primary 
and secondary windings of the i-f transformer, 
T4. Each of these slugs should pass through a 
definite maximum signal output condition. 
Next set the cathode gain control, R25, to give 
a maximum intensity of signal. It will be noted 
that if the gain control is advanced too far 
a sharp decrease in gain will result. The gain 
should be set slightly below this position. 


At this point the quality of the generated 


single sideband signal can be observed. Turn 
the carrier insertion control to zero and talk 
into the microphone. The signal may be tuned 


in using the BC-221. This will give you an 


idea just how you are progressing. If the signal 
sounds satisfactory when properly tuned in, 
you may proceed to the next stage. If the signal 
is distorted and you are sure that it is not 
overloading the BC-221 and is not a function 
of tuning, you should look back over the pre- 
ceding steps and determine where the signal 
has gone astray. 


Front panel view of 
power supply unit. 
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For SSB take your pick 
from the Eimac Big Six 


3 


Eimac Big Six radial-beam power 
tubes with high screen voltage 
ratings, high power gain, and time 
proved performance in class AB: and 
AB: service are ideal for Single Side- 
band operation. The inherent high 
power gain of Eimac radial-beam 
power tubes is a natural to put a 
strong signal on the air despite the 
low level modulator and driver of 
SSB. Take advantage of the power 
saving and reduced interference of 
SSB operating with the quality, re- 
liability and performance of Eimac 
Big Six tubes — proved in all types 


EIMAC BIG SIX 


Radial-Beam Power Tubes 


Ham bands 
Tube type thru: 


4-65A . . . . . 144mc¢ 
4-125A . . . . 144mc 
BA 250A rs FS 144mc 
4-400A.. . . 144mc 
4X150A .. . . 420me 


4E27A 144mc 


of commercial, military and ama- 
teur application. When planning 
or building that SSB rig, consider 
the more watt-hours per dollar 
offered by Eimac — the mark of 
excellence in electron-power 
tubes for 20 years. 


For further information contact our 
Amateurs’ Service Bureau. 


_EITEL-McCULLOUGH, INC 


The World's Largest Manufacturer of Transmit 
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The V.F.O. 

The Clapp oscillator is the next order of 
business. The r-f VIT'VM should be connected 
from pin #5 of V8 (the mixer) to ground. 
‘This is the injection grid of the frequency con- 
version stage. Chances are that the oscillator 
is operating. An r-f voltage between 6 and 10 
volts should be present at the mixer injection 
erid. If the oscillator is not operating the cause 
is generally insufficient feedback. If the circuit 
oscillates when a screwdriver is used to short 
the plates of C48, the Q of the oscillator coil is 
too low or the feedback as divided across C49 
and C50 is insufficient to cause the tube to 
oscillate. The solution is to decrease the size 
of the two voltage dividers, or at least the size 
of C49. Once oscillation is obtained the station 
receiver should be used to determine the fre- 
quency. If the band-set condenser, C47, does 
not have sufficient range to permit adjusting 
the oscillator between 3350 and 3550 kc. then 
slightly modify the coil inductance. Additional 
fixed capacity may be added across C46 to pull 
the frequencies within range. Any additional 
fixed capacity added to the circuit should con- 
sist of silvered mica capacitors so that the unit 
will remain relatively free of ambient tempera- 
ture changes. 

The bandspread condenser and band-set con- 
denser of the v.f.o. should be now adjusted. 
With the bandspread condenser, C48, set near 
maximum, adjust the band-set condenser, C47, 
so that the v.f.o. is at 3350 kc. Next determine 
at what frequency the oscillator operates when 
the bandspread condenser is set near minimum 
capacity. This frequency should be above 3550 
kc. for complete 75-meter band coverage. In 
the unit described, one plate was removed 
from the Hammarlund 35-yufd. bandspread 


condenser so that the 75-meter band could be ° 


spread out over most of the 180 degree coverage 
of the Millen #10039 dial. 


The Mixer 


The mixer stage is the next to be aligned. 
With the Voice Control switch (Sw-1) in the 
“off” position make the following adjustments. 
(Turning the VOX switch to the “off” position 
disables the relay and applies normal screen and 
plate voltage to V8.) The station receiver 


should now be tuned to the “‘sum-frequency” of : 


the v.f.o. and 455-kc. SSB signal. The mixer 
output tank circuit should than be peaked to 
this 75-meter SSB signal frequency. Carrier 
should be inserted by advancing R47 about 
half way. As measured on the r-f VI'VM the 
voltage from pin #5 of V10 should be between 
5 and 10 volts when the carrier is inserted. 
With the carrier insertion control at zero a 
residual meter reading will be noted. This is 
the 3.5-Mc. v-f-o signal coming through. 

The selective properties of the one tuned 
circuit are not great to completely discriminate 
against the v-f-o signal. As mentioned previous- 


_ rent meter, M/, for a slight change (upward or 


ly, the slug of coil Li should be adjusted so — 
that condenser C23 is set at almost maximum ~ 
when the SSB signal is at the 3800-kc. end of — 
the 75-meter band. This prevents accidental — 
tuning of the mixer tank to the frequency of — 
the v.f.o. | oe 
The 2E26 Stage @ 

Now plug the 2E26 tube (VJ0) into its tube 
socket. If the precautions indicated in the — 
diagram and in the preceding text have been — 
taken, the stage should not oscillate. Oscilla- — 
tion can be detected by tuning the 2E26 out- — 
put tank circuit condenser while listening in — 
on the appropriate frequency range with the — 
receiver. If a strong rough “birdie” is heard, — 
oscillation is present. Additional bypassing on — 
the screen and plate B+ circuits should be — 
tried. If this fails, the value of R36 should be © 
lowered sufficiently to keep the stage stable. — 
Once the stage is stabilized, the plate tank cir- — 
cuit should be tuned to resonance. Again the 
slug of L2 should be set so that it is impos- 
sible to tune the tank circuit to the frequency 
of the v.f.o. The r-f voltage across R36 will 
be between 10 and 15 volts for a loud whistle 
in the microphone. The bias voltage on this — 
stage should be set so that the idling plate — 
current is between 25 and 30 ma. 4 
The 6146 Stage 7 

_Make sure that the high-voltage power sup- — 
ply switch is turned off and then plug the 6146 — 
tube into its socket, V12. The first thing is to — 
determine if the stage is stable. If the stage 
is violently regenerative, there will be no ques- 
tion left in the builder’s mind concerning the 
matter. However, if the stage oscillates only — 
for certain combinations of the grid and plate 
tuning controls, the following procedure should 
be followed in looking for instability. First, 
connect a 50 or 70-ohm dummy load on the 
output connector. NEVER OPERATE THE STAGE — 
UnLoapEp! With plate and screen voltage ap-— 
plied go through the various band-switch posi-— 
tions keeping the grid and plate turrets on the — 
same band, and slowly tune the grid tuning con- 
denser, C29, through its full 180-degree move- 
ment while rapidly tuning the plate tank con- 
denser back and forth through its range. This 
procedure should give all possible combina- 
tions of the grid and plate tuning controls ~ 
with a minimum of effort. Watch the plate cur- — 
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downward) in reading. If a change is noted, — 
‘investigate more thoroughly. These tests are @ 
made without a driving signal from the preced- — 
ing stages. 2 

The grid bias should now be set so that the © 
idling plate current of the 6146 is between 35 — 
and 40 ma. as read on M1. a 

Assuming the stage is stable, select the proper ~ 
coils in the grid and plate turrets for 75-meter — 
operation (the nominal ‘‘40-meter’’ coils in the — 
BéW turrets) and apply excitation by turning — 
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E ld ICO announces 
—— another “FIRST”... 


the SSB 50 
TRANSMITTER/EXCITER 
with 


All-Band VFO 


oe wee 


in production now! 


the ultimate in design and versatility— 
no extras needed. 


COMPARE THESE FACTS 


ella hasegs switching AM-SB1-(lower)-SB2-(upper)- 
Smooth simplified tuning-adjustment 

necessary only when changing bands. 

Single control bandswitching. 

Extremely stable, permeability tuned VFO, 

covering 200 KC per band. 

Frequency accuracy +1% KC on easily readable 

slide rule dial. 

Approximately 50 watts on 80 through 10 meters. 
Pi-network output. 
“Anti-trip, voice break-in with speaker. 

Complete with power supply-shielded construction- 
cabinet 12” x 20” x 15”. 


—Competitively Priced— 


SSB 400 SSB 1000 | 
4,00 Watts linear amplifier using AKQTA 1000 Watts linear amplifier using 4-250A 
FEATURING: 


Bandswitching 80 through 10 Pi-network output; 
Well designed power supplies-adjustable for all classes. 


(SEE YOUR DISTRIBUTOR FOR OTHER ELDICO PRODUCTS) eT: 


P = SIGNALS = 

@ Eldico of New York Incorporated of es 
= DISTINCTION 2 
42 EAST SECOND STREET, MINEOLA, L.I., N.Y. PIONEER 6-5212 (nn 
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the VOX switch “off” and turning the high- 
voltage switch “on,” meanwhile insert carrier 
with the Carrier Insertion control. ‘The plate 
current meter of the 6146 stage should go to a 
high value. Swing the plate tank condenser to 
resonance as indicated by a plate current dip 
as in any familiar class C stage. With full car- 
rier inserted, the stage at resonance under 
full-load conditions should draw about 120 
ma. frem the power supply. For these condi- 
tions of input the power measured into the 
dummy load should be between 35 and 45 
watts. 

If operation on other than 75 meters is de- 
sired, the heterodyne unit described in Chap- 
ter X must be used. In this case all the stages 
through the 2E26 amplifier will be operated as 
described, and only the 6146 output amplifier 
will have to be bandswitched to the new 
amateur band. If operation on 40 meters is 
desired the band-switches should select the coils 
in the B&W turrets that are the nominal 20- 
meter coils on the unmodified turret. If opera- 
tion on 26 meters is desired, the 15-meter coils 
should be used. When the heterodyne unit is 
properly patched into the exciter chassis the 
6146 stage is tuned as before. When a test 
tone or carrier is fed through the system, the 
plate current is dipped as described before. 


The Voice Control System 

A couple of preliminary checks should be 
made on the voice control operation. ‘The 
VIVM should be attached across the second- 
‘ary of T3 and the microphone whistled into. 
The meter should swing up to between 200 
and 300 volts rms. Next connect the d-c volt- 
meter from pin #4 of V5b to ground. Under 
the ‘oud whistle condition” the voltage exist- 
ing at this point should be about minus 200 
volts. When the microphone is spoken into in 
a normal tone for a lower setting of the VOX 
gain control the reading should be about minus 
70 volts. All of these measurements must be 
taken with the anti-trip amplifier gain control 


- R1, turned to zero. When VOX switch Swl is 


in the “on” position, the relay should drop 
out as soon as the microphone is spoken into 
in a normal tone. If not, advance the VOX 
gain control until it does. The relay should 
remain the “operate” position for a few tenths 
of a second after speech is stopped. The relay 
should not “pull in” between normally spoken 
words of a sentence, but should pull in for 
normal pauses in conversation. This gives the 
other station a chance to break in. 

With the primary of TJ connected to the 
audio output of the station receiver, and the 
anti-trip gain control set to zero, the sounds 
coming out of the loud speaker should trip 
the VOX system of the exciter. With the re- 
ceiver audio set for usual confortable audio 
volume, advance the anti-trip gain control, RJ, 
until the loud-speaker audio no longer trips 
the VOX system. 


35-Watt SSB XMTR 


¥- 


Operation 


When the great day arrives that the unit is 
to be “test flown” the operator will be faced 
with several, new problems if he has never 
previously operated single sideband, ; 

There is the problem of properly “zeroing 
in” on a Station to be worked. Single sideband 
operation has generally assumed the custom of 
multi-way round tables, that is, many stations 
on one frequency all using voice control. This 
requires that all stations maintain the same 
frequency and that they be capable of align- 
ing to that frequency before breaking in. One_ 
way to do this, if the operator is using the 
BFO in his receiver to copy the SSB signals, 


_is to carefully tune in the station to be “sat 


on’ and turn on the low-level exciter stages 
while inserting a very small amount of car- 
rier. Then zero-beat to the same frequency as 
monitored in the receiver loudspeaker. 


This is probably the most simple way of 
doing the job. If the receiver uses a filter-type 
SSB receiving adapter, as described in Chapter 
I, the zero-beat point cannot be heard because 
the carrier oscillator is 20 or 25 db. down the 
slope of the bandpass filter. ‘Thus it is neces- 
sary to “talk yourself on to the correct fre- 
quency.” This generally requires the use of 
phones so that feedback will be avoided. The 
VOX switch Sw/ is turned to the “off” position 
and the signal monitored while the v.f.o. is 
changed in frequency. ‘The microphone should 
be “hello’d’” into while listening and when the 
speech sounds intelligible, the exciter has been 
aligned to the frequency of the receiver. As 
the operator becomes accustomed to the ways 
of SSB operation, he will-develop his own pet 
way of tuning to the frequency. 


\ 


One thought that must be borne in mind is ~ 
that the exciter capabilities should not be over- 
taxed. By this is meant that the linear limits 
of the amplifiers should not be exceeded. Ex- 
perience has proved that a _ conservatively 
operated SSB system is definitely desirable. If 
all the trouble of generating a single sideband — 
signal whose undesired sideband is suppressed 
40 or 50 db. is worth while, it therefore, appears 
ridiculous to generate distortion products that 
are only 20 db. below the intelligible signal. 

It is economically unwise, as the user might as 
well have stayed on double sideband and had 
two sidebands that made sense, as to be on ~ 
SSB and occupy the same spectrum space and ~ 
have only sideband that says anything intel- a 
ligible. 

With the particular exciter just described — 
the plate current of the 6146 stage should not 
kick up over 70 or 80 ma. This is with an 
average male voice and the plate loading up — 
to the level described under Alignment. It is — 
always a good idea to use an oscilloscope to 
monitor the exciter. | 
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THE FAMOUS 


K-TRAN 


THE FINEST MINIATURE 1. F. TRANSFORMER 
EVER MANUFACTURED! 
ONLY 2'%’’HIGH BY %’’ SQUARE 


The Miller K-Tran I.F. Transformers are available for the 
following frequencies: 262 KC, 455 KC, 1500 KC, 4.5 MC 
and 10.7 MC. 


4.5 MC transformers are for use in television receivers 
having an intercarrier sound channel. 10.7 MC transformers 
find their main application in FM receivers and tuners. 


All transformers are shell core permeability tuned, thus 
providing a magnetic shielding of the windings and reducing 
the influence of the aluminum can. Stable silver mica fixed 
capacitors are enclosed in the low-loss terminal base. 


CAT. NO. Frequency Use NET PRICE 
12-H1 262 KC Input Transformer 1.50 
12-H2 262 KC Output Transformer 1.50 
12-H6 262 KC Output Transformer diode filter ; 1.59 
12-Cl 455 KC Input Transformer 1.32 
12-C2 455 KC Output Transformer 1.32 
12-C6 455 KC Output Transformer diode filter 1.41 
12-C7 455 KC Input Transformer for Battery Radios 1.32 
12-C8 455 KC Output Transformer for Battery Radios 1.32 
12-C9 455 KC Input Transformer for AC-DC Radios 1.32 
12-C10 455 KC Output Transformer for AC-DC Radios 1.32 
13-W1 1500 KC Input Transformer 1.44 
13-W2 1500 KC Output Transformer 1.44 
13-PCl 455 KC Input I.F. Transformer For Printed Circuits 1.44 
13-PC2 455 KC Output I.F. Transformer For Printed Circuits 1.44 
6203 4.5 MC Input or Interstage Transformer 1.65 
6204 4.5 MC Discriminator Transformer 1.98 
6205 4.5 MC Ratio Detector Transformer 1.98 
1463 10.7 MC  __ Input or Interstage Transformer 1.65 
1464 10.7 MC Discriminator Transformer 1.98 
1465 10.7 MC Ratio Detector Transformer 1.98 
SUB-MINIATURE K-TRAN - Only 42” Square by 112” High 
10-C1 455 KC Input Transformer 1.50 


10-C2 455 KC Output Transformer 1.50 


(Available through your local distributor.) 
* Manufactured under’’KS TRAN” patents of Automatic Mfg. Co. *K-TRAN is registered trademark. 


JI. W. MILLER COMPANY 


5917 South Main Street e Los Angeles 3, California 


Canadian Representative: Atlas Radio Corporation, Ltd. 560 King Street, W. Toronto 2B, Canada 
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All-band operation with single sideband 
equipment is not the simple matter that it is 
with c.w. or double-sideband transmission. 
Once the single sideband is generated, band 
changing by frequency-multiplication cannot be 
used. ‘The SSB signal must be heterodyned to 
the new desired frequency. There is the alter- 
native method of generating the sideband on 
the fundamental frequency of operation by the 
phasing method. This has been dealt with in 
detail in Chapters III and VII with the ad- 
vantages and disadvantages outlined. 

In this chapter a companion unit is described, 
which will permit operation of the SSB exciter 
in the preceding chapter on other amateur 
bands. 


Front panel view of the balanced 

modulator described in this chap- 

ter. It is used to heterodyne the 

75-meter signal to the 40 and 20 
meter bands. 
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9.1—The Balanced Modulator 


The general subject of heterodyning with — 
balanced modulators has already been discussed 
in Chapter VI and it is suggested that the reader 
consult this information for a more complete — 
discussion of the subject. From the discussion 
in Chapter VI it was apparent that there was — 
one type of balanced modulator that possessed ~ 
characteristics that were more attractive than — 
most of the others. This circuit was that of — 
the push-pull type balanced modulator. In this 
type of circuit, the SSB signal was fed to the 
balanced modulator tubes in push-pull connec- 
tion while the heterodyning c-w signal was fed — 
to the tubes in parallel connection. The out- 
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For the accuracy and stability needed by 


SINGLE SIDEBAND 
... Paa-El Plated Crystats 


Crystals for sideband operation must be ultra stable. 


The new plated crystals pioneered by Pan-El for ama- 
teur use supply this quality. 


Because: , | 
—the electrodes are bonded to the quartz, and cannot shift. 


—being of precious metals, surrounded by nitrogen gas, 
they cannot corrode. 


—each crystal is selected by X-ray measurement to assure 
excellent temperature coefficient—which means good 
stability. 


—each crystal is precision mounted; triple-flushed with dry — 
nitrogen; hermetically sealed in a nitrogen atmosphere; — 
and guarded from our plant to you in a sealed plastic 
case, as shown here. 


Hence they retain their accuracy and activity indefi- 
nitely. 


Yet Pan-El crystals for amateur use are sold at prices 
competitive with the old style crystals, as follows: 


. PRICES 
P-18A 3500 to 4000; 5001 to 5006; 5292 to 5298; 7000 to 7400; 8000 to 8400 
to the nearest integral KC... 0.0... cece cece eee ween es $275 each 
P-23A 14000 to 14350; 28000 to 29700 to the nearest 10KC..... 3.75 each 
P-23 27255 (.05” pins) Citizen Band........... ccc e ses ore 3.95 each 


All with .09” pins spaced .486” to fit FT243 sockets, except as noted 


Since 1942, Crystals for mobile... ship to shore... aircraft 


Ps 


PAN-ELECTRONICS CORPORATION 


‘ 


901 WEST PEACHTREE STREET, N.E., ATLANTA, GEORGIA 
QUANTITY PRODUCERS OF STANDARD AND SPECIAL 


Control Crystals 
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put circuit is push-pull connected so that the 
fundamental and all harmonics of the c-w 
heterodyning signal are effectively cancelled out 
in the plate tank circuit. The even harmonics 
of the SSB signal are attenuated in the output 
circuit because ef the inability of a push-pull 
circuit to act as an efficient frequency multi- 
plier for the even harmonics. 

The schematic as shown in Fig. 9-1-A is a 
modification of the pentode circuit described in 
Chapter VI and illustrated by Fig. 6-4-A of that 
chapter. The change that was adopted for use 
in this unit was the interchanging of the feed 
points of the two signals to be mixed. In this. 
case the heterodyning signal is fed into the 
screen grids of the balanced modulator tubes 
in parallel while the SSB signal is fed into the 
control grids in push-pull connection. ‘The 


C1—100 pwufd., 500v. 

C2—0.01 p«fd., 500v., 
dise ceramic. 

C3, C4—0.001 pwfd., 600v. 

C5a/C5b—50 pwyfd., 
split-stator variable, 
Hammarlund HFD-50. 

C6—3-12 /ufd., compres- 
sion mica, or ceramic 
concentric. 

C7—50 ppfd., 500v. 

C8, C9I—0.005 ufd., 600v., 
disc ceramic. 

C10a/C10b—Dual 40 
ufd., 450v., electro- 
lytic, Mallory FP-238. 

L1—4-Me. input coil. 

34 turns #26 formex 
wire, bifilar wound, 
see text. 2-turn link 
(all on National XR- 
50). 

L2--7.2-Mc. output coil. 
32 turns #26 formex 
wire, bifilar wound, 
see text. 4-turn link 
(all on National 
XR-50). 

L3—14.3-Me. output coil. 
16 turns #20 formex 
wire, bifilar wound, 
see text. 3-turn link 
(all on National 
XR-50). 


Fig. 9-1-A. Wiring schematic and parts list of 
the heterodyne unit. 


reason that this method was adopted was tha 
screen-feeding could be realized without an 
coupling devices whatsoever—not even a coup= 


ling condenser. 


The problem involved in this heterodyne 
unit is that of frequency-conyerting a 38 t 
4.0 megacycle SSB signal into other amateur 
: The two bands chosen as examples by 

the author were the 7.2 to 7.3-Mc. and 14.2 to. 
Conversion to other 
amateur bands with the unit is also possible by 
making two appropriate changes. 
basic 4.0 megacycle exciter has a v.f.o. as 
part of its equipment, 
therefore need include only _fixed- pena : 


bands. 


14.3-Mc. 


the job is quite simple. It was decided to ust 
the ‘ ‘difference- mixture” for the 40- meter band, 
“sum-mixture”’ 
meter band. Thus a crystal frequency of 11. 
Mc. was chosen for the 40-meter heterodynin 
Subtracting 4.0 Mc. from 11.2 Me. 
gives 7.2 Mc.—the lower band edge for the 40- 
meter band. Moving the v.f.o. 
SSB signal starts at 3.9 Mc., the 40-meter signal 
will be at 7.3 Mc.—the high-frequency ba 
edge. Using the difference-mixture as in this 
case where the heterodyning frequency is higher 
in frequency than the SSB frequency will invert 
the sideband relation of the output signal to” 
that of the original 4.0 megacycle-band signal. 
By this is meant that when operating on 40 
and “lower” 
designations of the sideband switch will 
reversed. This should be kept in mind. T 
is no handicap as long as the operator is aware 


and the 


oscillator. 


meters, the =“upper, 


of the situation. 


Heterodyne Un 


phone bands. 


the heterodyne uni i 


L4—10 or 11 Me. oscil-— 
lator coil, 15 turns ~— 
#18 formex wire, 
single winding, on 
National XR-50. 

R1—500 ohms, 5w., 
wire wound. ae 

R2, R3—47 ohms, %w. 


_ R4, R5-—47 ohms, lw. 


R6—100, 000 ohms, %4w. — 
R7—1000 ohms, lw. 
R8—10,000 ohms, 5w., — 
wire wound. eS 
R9I—47,000 ohms, Qw. 
RFC1—2.5 mh., r-f : 
choke, National R- 100 : 
RFC2, RFC3—6 turns — 
#26 wire wound on RI 
and R5d. a 
Chi—8 henries, 120 ma., 
choke. a 
Swi_-SPST toggle. 
Sw?2,b,c,d,e—5-pole, 
Sw2a,b,c,d,e—5-pole, — 
ceramic switch (see 
text). 
Ti—Power transformer, ~ 
375-0-375v. at 120 ma., 
5.0v. at 3 amp., 6.3v. — 
at 4 amp. Chicago 
type PCC-120. a 
Y1, Y2—Crystals, see 
. text. 
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TRANSMIT 
SSB— 


Get a ‘’Central’’ Exciter (from 
Harrison, of course!) and plug 


TO RECEIVE 
SSB— 


Plug the | Central 
Electronics Sideband 


Slicer adapter into in a high impedance mike, 
Detector socket of xital or VFO, headphones, 
your communications speaker, antenna, and AC. 


receiver, make a sim- Follow the comprehensive (but 


SIDEBAND ple connection to its simple) instructions, and in no 
audio control, follow time at all your signal is cut- 

SLICER the easy, clear in- ting right through the ORM! 

; : structions, and You'll be amazed at how effec- 
presto! — every Donald Duck sounds like tive the 10 or 20 watts is at 
your favorite ‘radio announcer (almost). piling up the QSO score! Or, 


Improves your AM and CW reception too! 
Complete “‘Slicer’’ kit ooo $49.50 
Factory wired ‘Slicer’ o.oo ee 74.50 
For switching back to nor- 
mal receiver function. 


AP-1 Adapter. 


i a i i) 


you can drive a full KW RF 
amplifier with it. 


MULTIPHASE 


Complete, wired 
$8. 


é EQUIPMENT 


@ Magic Eye Carrier Null and Peak 
Modulation Indicator 


Choice of grey-table model, grey or 


You can pack 
operating time by adding Single Side Band 
to your station. 
work voice break-in, 
more solid QSO's with near land-line de- 
pendability and quiet! 
surprisingly low 
get everything from SSB Headquarters —~ 
HARRISON'S! 


GO MODERN! — GO SSB! 
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lots more fun into your 


Shut out ORM, kill TVI, 
enjoy many MANY 


And all at 
tinal cost — when you 


a MODEL 10B 


© 10 Watts Peak Output SSB, AM, 
PM and CW 

© Multiband Operations using plug- 
in coils 

Choice of grey tcble model, grey or 

black wrinkle finish rack model. 


e 20 Watts Peak Output SSB, AM, With coils for one band. 
elise na tap Comet $129.50 
© Completely andswitche 3 
thru 10 Meters Wired and tested 179.50 
i a a a a 


QT-1 ANTI TRIP UNIT 


When using speaker, keeps receiver 


signal or noise from switching 
carrier on. Plugs into exciter socket. 


Complete, Wired wooing $12.50 
“neil ae FREE! Our special SSB Literature Folder. 


DOSSCSOHHSHSEHSNSHSHSSHESHHSHSHSHSSHEHHSHSCESESEOE 


HARRISON always has the latest — FIRST! 
, 7 N 
CZ=ID NEW SSB NEW! ScOlLUNSE 75A3 RECEIVER 
MODEL SSB-50 


EQUIPMENT Harrison now has the new, 
‘ improved production, using 
EXCITER-TRANSMITTER 

A new SSB-AM-CW transmitter-exciter with instanta- 

neous switching from either upper or lower SB to AM 


the more efficient (less than 
12 db insertion loss!) series 
C Mechanical Filter. FB for 
or CW. Covers 10 to 80 meters. Includes stable herme- B! 
tically sealed VFO, Talk-to-Xmit., Anti-Trip, Power Sup- 
ply, etc. 
SSB-50 kit with tubes and instructions........... nee $429.95 
_ Factory wired with tubes, ready to Gon ree 549.95 


MODEL SSB-400 LINEAR AMPLIFIER 
Eldico’s 400 watt all purpose, band switching (10-80 
meters), de-TVI’ed linear RF Power Amplifier. Designed 
for SSB, may be used on AM or CW without modifica- 
tion. Suitable for any class (A to C) operation. 

_ SSB-400 Linear Amplif. kit with tubes & pow. sup. $399.95 
Factory wired, tested—with tubes... 479.95 


“MODEL SSB-1000 KW. FINAL 
~ A cool kilowatt! Eldico’s new, compact, all purpose, all 
- band KW ffinal. Built °around an Eimac 4-400A, the 
SSB-1000 performs equally as well when run as a Class 
“’C'' AM final or as a Class ’‘AB’’ SSB Linear Amplifier. 


black wrinkle finish rack model. 
Complete vkit<akne Fhe ee 3199.50 
Wired and tested 249.50 


Ask for it! 


Speaker $20 


COMING! SOON! : 
THE NEW 32W-1 SSB EXCITER 


An all new VFO-Exciter for 
SSB-AM-CW, with typical Col- 
lins stability and accuracy! 


Place your order now 
for earliest delivery. 


HARRISON will have it... 


ARRISON 


“Ham Headquarters Since 1925" 


SSB-1000 kit, with tubes and power SUPPLY veces $699.95 
Factory wired and tested, with all tubes............... 799.95 


NEW! GONSET 500 WATT SSB 
LINEAR AMPLIFIER 


Complete, ready to operate 
RF linear Amplifier. Panel 
bandswitching from 10-80 
meters. Delivers 500 watts 
SSB RF power. Includes all 
tubes and power supply. 

500W SSB RF Amplifier ... $395 - 


225 GREENWICH STREET 


NEW YORK 7, N.Y. 
PHONE ORDERS - BARCLAY 7-7777 
JAMAICA STORE: Hillside Ave. at 145th St. 


96 

For 20-meter band operation, since the “sum- 
_mixture” was chosen, a crystal frequency of 
10.3 Mc. is necessary to cover the 14.2 to 14:3- 
Mc. phone band. Thus when the input signal 
is at 4.0 Mc. the 20-meter signal is at 14.3 Mc., 
and when the input signal is at 3.9 Mc. the out- 
put signal is at 14.2 megacycles. In this case, 
the sideband relation between upper and lower 
sidebands stays the same as that of the original 
4.0-Mc. signal. 


9.2—Circuitry 

Refer to Fig. 9-1-A. The first version of this 
unit that was built used two pentagrid con- 
verter tubes in a balanced modulator circuit. 
This arrangement did not furnish the necessary 
output to drive the 6146 output stage of the 
exciter described in Chapter VIII. ‘The present 
model was then built using a pair of 6L6 pen- 
todes. A gain of almost unity was realized on 
both 40 and 20 meters. Since the 2E26 driver 
stage had more drive than was actually needed 
by the final output stage, a gain of slightly less 
than one could be tolerated. 

The Bifilar Coils 

The only feature that might be unfamiliar to 
the constructor is the use of bifilar-wound input 
and output tank coils. These coils are not diffi- 
cult to make and the sketch of Fig. 9-2-A shows 
how the winding is connected. The use of 
bifilar coils was decided upon to attempt to 
establish a balance on the input and output 
circuits. ‘The author, however, believes that the 
unit would perform satisfactorily using ordi- 
nary-wound coils for the inductances. Since the 
coils were made up and the unit worked with- 
out any “bugs,” it was felt that the bifilar coils 
should be retained. 

National XR-50 slug-tuned coil forms were 
used for all coils in the unit. Extra terminals 
were put on the phenolic coil forms by drilling 
and tapping the form to take short 3/16-inch 
number 2-56 brass screws. Care must be taken 
not to screw the brass terminals too far into the 
tapped hole so that they “short out” to the 
powdered iron slug. This accidentally hap- 
pened to the unit built and a B plus to ground 
short took place with the usual results—an over- 


START OF WINDING "A” 


CON, CENTER 
Cee. END OF WINDING "4" 


NATIONAL XR-50 FORHM 


START OF WINDING "8" ; 
Fig. 9-2-A. Method of winding a bifilar coil on 
a National XR-50 coil form. Two small #2-56 
brass screws were added to the form as termi- 
nals for winding "'B."' See text. 


is fed into the. parallel connected screen direct- — 


“Heterodyne Unit ‘ 


heated r-f choke. The brass screws may be sed Ki 
for the tie-points for the extra winding of the 2: 
bifilar coils. E 

Winding a bifilar coil is most easily accom- — 
plished by taking two parallel strands of wire 
and carefully winding them simultaneously on 
the coil form making sure that there are no 
twists and that the winding is smooth and | 
symmetrical. When the winding is completed, — 
and the two separate windings are soldered tor 
their respective tie points, an ohmmeter should 
be used to find out which ends of the wires be- — 
long together. Figure 9-2-4 shows that the 
finishing end of winding A should be connected — 
to the starting end of winding B in order to — 
establish the electrical center- tap of the coil. 
The remaining two ends are then the top and — 
bottom terminals of the coil. The notation of — 
the number of turns in Fig. 9-1-A lists the — 
total number of turns and the number of turns — 
put on the coil when winding the two parallel 
wires on should be half of this indicated num- — 
ber. The crystal-oscillator coil, L4 is not a © 
bifilar-wound coil and is a conventional single- 
layer solenoid. 

The Crystal Oscillator 


‘The crystal oscillator tube is a 6J5 or any | 
other similar triode. The availability of good 
crystals in the frequency range required make 
this stage simple to build and to adjust. The 
crystals used were the type H-173 of James 
Knights Co. The two crystals used were excel- 
lent oscillating units and gave absolutely no 
trouble in starting. A conventional tuned plate 
triode circuit was used. The plate voltage was 
regulated with two VR-105 tubes because it was — 
found that the screen current of the 6L6 tubes 
varied considerably under signal input and this 
caused a varying plate voltage due to the drop” 
across R8. This change in plate voltage caused 
a slight amount of frequency-modulation of the © 
crystal frequency. This would result in f.m. of — 
the output signal which would be strictly taboo — 
for a good SSB signal. ‘The condenser C6 is © 
used to correct the oscillator tuning when the ~ 
low-frequency crystal is switched into the circuit — 
by Sw2e. For adjustment of this circuit see > the . 
section under Alignment. | | 

The Mixer Circuit a 

As mentioned previously the oscillator signal i: 
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ly from the crystal oscillator tank circuit with- — 
out benefit of coupling condensers. The plate 4 
voltage dropping resistor for the oscillator stage — 
also serves as the screen dropping resistor for 
the 6L6 tubes. The rf voltage present at the ~ 
screen terminals of the mixer tubes (pin #4) — 
should be between 40 and 60 volts rms. This — 
should be measured with an r-f VTVM. oa 

A balancing potentiometer was originally — 
placed in the cathode circuit, however, this was — 
found to be unnecessary and was eliminated for 
the sake of simplicity. A common cathode re-~ 
sistor, R/, is used instead. as 3 ee 
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Fhe usual precautions against parasitic oscil- 
lation were taken by installing parasitic resis- 
tors in the grid circuits and R/L_ parasitic 
chokes in the plate circuits. No trouble with 
either fundamental or parasitic frequency in- 
stability was encountered. 

Condensers C3 and C# are used as d-c block- 
ing condensers to keep the plate voltage off the 
stator sections of the tank tuning condenser, 
C5. The tank condenser used was a Hammar- 
lund HFD-50. 

The bandswitch used in the unit was one 
made up of two wafers from available switches. 
It was thought that it would be desirable to 
have’ some physical separation between the 
switch wafer used in the oscillator circuits and 
the wafer used to switch the output tank cir- 
cuits. he switch wafers were thus moved apart 
by extending the switch bushings and mount- 
ing screws. The shaft also had to be extended. 
This is most easily done by using a standard 
Y4-inch shaft coupling (non-insulated type). A 
separation of about 5 inches was used in the 
unit shown. ‘The switch sections labelled Sw2a, 
Sw2b, and Sw2c are on the front wafer section 
next to the front panel while Sw2d and Sw2e 
are on the rear wafer near the crystal oscillator. 


The Power Supply 
This circuit is conventional and little need 


Above chassis view of 
the balanced modulator... 


be said. The transformer, 7T/, used 
in the author’s unit was one tha 
happened to be available in the 
shack. There are a number of com- 
mercial transformers that would be 
suitable for the job—such as the- 
Chicago type PCC-120 unit. A dual ~ 
10-ufd. filter condenser provides 
suitable filtering when used in con- 
junction with an 8-henry choke. 


Alignment 


Alignment of the unit is simplé 
and should proceed as follows: Th 
first step is to adjust the crystal 
oscillator circuit for oscillation. 
Connect the r-f probe of a VITVM 
from the screen terminal of V1 or 
V2 (pin #4) to ground. Move the — 
bandswitch to the 40-meter position 
—this switches the 11.2 Mc. crystal 
into the circuit. Adjust the slug of 
L4 for oscillation as indicated by a 
reading on the VIVM. Adjust the 
slug so that a high reading of voltage is read, 
however, set the control conservatively so tha 
when the bandswitch is thrown back and forth 
the crystal starts oscillating easily. Check th 
oscillation frequency by checking on the shac 
receiver, or a BC-221 frequency meter. Nex 
throw the bandswitch to the 20-meter position 
Indication of oscillation will probably cease. 
Leave the slug of /4 in the present position 
and now adjust condenser C6 until oscillatio 
is again present on the new crystal frequency 
Now switch back and forth several times be- 
tween the twe band position and make sure 
that the respective crystals oscillate reliably 
each time. The r-f voltage from the screen 
terminals to ground should be between 40 and 
60 volts rms. J a a 

Connect the SSB exciter to the input termi-_ 
nals and adjust the SSB excitation so that it is 
near 4.0 megacycles. Turn the bandswitch to 
the 40-meter position and using the station re 
ceiver monitor the mixture-frequency near 7. 
megacycles. Insert a small amount of carrie 
and peak the output tuning condenser G5 for 
a maximum signal in the receiver as indicated — 
by a maximum reading of the S-meter. If the 
condenser will not quite tune to the correct 
frequency adjust the slug of £2 until the tun-— 
ing range of the condenser will hit the output 
frequency. The input tuned circuit, LJ, should 
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be adjusted for the middle of its operating 
range—3950 kilocycles. 
- 3950-kc. excitation to the heterodyne unit and 
tune in the mixture signal at 7250 kc. on the 
receiver. Adjust the slug of LJ for maximum 
signal on the S-meter. 

Switch Sw2 to the 20-meter position and go 
through the same adjustments of the 14-Mc. out- 
put circuit as described above. Adjustment of 
the input circuit need not be made again since 
it holds for either band. 

Some reflected tuning changes were noted 
between’ the exciter final grid circuit and the 
output tuned circuit of the heterodyne unit. 
Alternate peaking of each condenser will usual- 
ly yield an optimum setting for both controls. 
This is apparently an impedance matching 
process that takes place because of the manner 
of driving the final grid coil from the low- 
impedance line. 

It is generally a good policy to always use 
the’ station receiver when tuning up the heter- 
odyne unit for operation. ‘This is to prevent 
tuning up on a spurious mixture or harmonic 
signal. This is a safety precaution that may 
not be necessary once the operator is familiar 
with the tuning position of the controls. The 
author noticed no spurious signals in the unit 
- output that could normally cause trouble. All 


harmonics of the crystal oscillator frequencies, 


are far from the amateur bands concerned. 


Mechanical Lay-Out 
No lay-out drawing is presented for this unit 
since the physical arrangement of the circuits 
is not critical. The photographs show the ar- 


rangement used by the author, and if the con- 
structor desires, this general plan may be fol- 
mounting 


lowed. Other eechanied schemes 


Adjust the. exciter for 


will suggest themselves. The dish- type of asi: ; 
mounting offers an interesting means of con 
structing a simple unit such as this. Since the 
stage input and output circuits are tuned to 
widely divergent’ frequencies, there is little dan- 
ger of oscillation taking place even in the r most 
awkward of coil placements. 


Operation 


Operation of the unit once tuned up is ex- 
ceedingly simple—just leave it alone and make 
all operational adjustments on the exciter 
proper. The output tuning might have to be 
peaked up when moving from one extreme — 
band edge to the other, but normally the cir- - 
cuit bandwidth is sufficient to accommodate 
normal frequency changes. ‘he unit built did 
not create any IVI in the author’s TV set, but — 
in some instances this might not be the case. 
The offender would most likely be harmonics 
of the crystal oscillator stage that would be 
radiated directly from the unit. The usual 
precautions of shielding and filtering the input 
and output lines should then be taken. 

Using the Unit on Other Amateur Bands 

While operation on 40 and 20 meters has 
been covered in this discussion, it is apparent 
that there is no restriction in adding other 
bandswitch positions and appropriate crystals 
and coils to cover 15 and 10 meters. Choosing 
the correct crystal is merely a matter of sub-— 
tracting 4.0 megacycles from the phone band 
upper frequency limit. ‘he output coil should 
tune to the desired output frequency — with 
the tuning capacity available. 


f 
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parts layout is not critical. 


101 


AND. “THOSE 


THATS EASY, JUNIOR. N WALTER ASHE 


SAY, O.T., TELL US HOW I'VE BEEN DEALIN’ WITH ” eStesgutcae'  TRADE- 
YOU ARE ALWAYS ABLE | Ufmfiee fake FOR | INS REALLY SAVE 


TO HAVE THE LATEST / YEARS AND 1 ALways A. US MONEY! 


SINGLE SIDEBAND GET A CLEAN CUT 
EQUIPMENT. ae. 


CHECK 
THESE FEATURES 


Voice-Controlled Break-in 
on SSB, AM, PM 
® 
Upper or Lower Sideband 
6 


New Carrier Level Control 
New Ceilibrate Circuit 
New AF fapat Jack 
CW Beak in Operation 
New Gold eerdci Voice 
_. ~ Control Relay 
eee uiy Baer Socket 
e 


40 DB or More Suppres- 


: There is no mystery involved in the way to get the biggest bargain 
sion of unwanted sideband 


ever! “Surprise” Trade-In Allowances on used, factory-built test 
and communication equipment provide the money saving. an- 
swer. For the bargain event of your life, trade used equipment 
now. Wire, write, phone or use the handy coupon below. 


CENTRAL ELECTRONICS 
SIDEBAND SLICER 
MODEL AKIT. Net $49.50 


Wired and tested 
Net $74.50 


CENTRAL 
ELECTRONICS 
BANDSWITCHING 
SSB TRANSMITTER 


20 watts peak output. CENTRAL ELECTRONICS 
Bandswitching 160 SSB EXCITER-TRANSMITTER 
through 10 meters. 10 waits peak output. 160 through 

MODEL 20A KIT, 10 meters. With coils for one band. 
Net $199.50 MODEL 10B KIT. $129.50 
Wired and tested Wired and tested $179.50 
$249.50 


==FREE CATALOG! Send for your copy today. =~; 


WALTER ASHE RADIO COMPANY CQ-SB-54 
1125 Pine Street, St. Louis 1, Missouri 


O) Rush “Surprise” Trade-In offer on my 


for 
(show make and model number of new equipment desired) 


(C0 ‘Rush Latest Catalog” 


Name 


“RADIO €0.* 
1125 PINE ST. « ST. LOUIS 1, MO. 


Address 


0 es ee ee es 


City Zone State 


2 ee ee ee 


Chapter Xl 


Filteu and 
Filter Alignment 


Little has been said in the preceding chap- 
ters of the different types of filters commonly 
used by SSB operators. Although it would be 
impossible in the space available to cover the 
subject of filters completely, it is felt that a 
brief discussion of the different types of crystal 
filters that can be constructed by the oft-men- 
tioned “average amateur’ would be in order. 
The radio amateur literature has had _ fre- 
quent articles on crystal filters that use the 
surplus I°T-241 type low-frequency crystals. 
These CT-cut crystals have been plentiful and 
relatively cheap for a number of years and are 
in the hands of many amateurs. The general 
run-of-the-mill war surplus crystal may or may 
not be good. The author’s experience with 
about two-thousand of the FT-241 crystals has 
been that approximately one-quarter of the lot 
are either inoperative or very inactive and 
sluggish. Obviously, these do not make good 
filter crystals. 


Checking Surplus FT-241 Crystals 


A signal-generator or BC-221 frequency-meter 
can be used in conjunction with an oscillo- 
scope or r-f vacuum-tube voltmeter to deter- 
mine the relative activity of a crystal and also 
its series resonant frequency. The crystal should 
be connected in series with the “hot” lead from 
the signal generator to the oscilloscope. Slowly 
tuning through the frequency range of the 
crystal with the signal generator will produce 
a sharp increase in indication on the oscillo- 
scope or VI'VM. Carefully tune to this peak 
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Fig. |1-l-A. The common crystal arrangement as 
used in most modern communications receivers. 
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and determine its frequency. This is the serie 
resonant frequency of the crystal. About 20 
cycles higher in frequency experimenters ma 
be fortunate enough to detect the parallel- 
resonant frequency as the frequency at which 
the oscilloscope gives a sharp null indication. 
Fhe height of the peak and the sharpness o 
the null is a rough indication of the crystal’s 
activity and quality. When surplus crystals are 
being selected for use in a filter, a number o 
them should be checked and the most activ 
ones selected for use. 

Matching crystals for filters sometimes rt : 
quires that pairs of crystals must be selected 
so that their frequencies are identical, or near- 
ly so. This is most easily done by using ther ; 
as oscillating elements in a Pierce oscillato 
circuit, ~ The oscillating frequency can be 
checked by a BC-221 or sae device. 


I 1.1—Filter Circuitry 


Let us now consider some of the basic typ 
of filter configurations that are in common us 
The most common filter circuit in use 1s show 
in (Fig. 11-1-A). This is the single-crystal ar- 
rangement that is standard equipment in m 
modern communications receivers. The 
sponse curve for a typical setting of the ph 
ing condenser C is shown at the right of 
filter schematic. Varying C will change — 
shape of the main passband lobe considerab 
but the frequency of the main response pe 
will remain fixed. However, the sharp null « 

“notch” will be moved as the value of C ~ 
changed. When C is equal exactly to the shun 
crystal-holder capacity the null will not b 
present in the response curve shown. At th S 
setting of C, the passband will haye its sharpest 
passband characteristic. As C is varied either 
above or below this balancing value, the note 
will appear either on one side of the cent 
frequency or the other. As C is varied still far- 
ther from its balanced setting the notch will 
get closer to the center frequency of the filte 


Crystal Lattice 


BBE. 


Fig. 11-3-A. The popular half-lattice crystal circuit. 


f—> 


response. The notch cannot come any closer 
to the center frequency than about 200 or 500 
cycles. This accounts for the often noticed in- 
ability to null out heterodynes that are close to 
the desired signal frequency. The notch of the 
filter while quite deep is sometimes broad across 
the top of the slot. The variation in passband 
shape is also annoying at times. 


11.2—The Q-Multiplier 


For the reasons outlined above many Hams 
are substituting one of the various forms of 
the “Q-Multiphier” circuitsS devised by O. G. 
Villard, W6UYQ.38 This filter, while not a 
crystal filter, is superior in several respects to 
the conventional single-crystal filter. The 
operator has the choice of using the device as 
either a “boost” or a “reject” filter. In the 
“boost” position a very narrow band of fre- 
quencies is selected and all others rejected; 
while in the “reject” position a very narrow 


band of frequencies is rejected leaving the re-. 


mainder of the normal i-f receiver response 
-curye unchanged. It is suggested that the orig- 
inal literature be consulted for theory of 
operation and constructional details. 


11.3—The Half-Lattice 


_ Figure 11-3-A is the increasingly popular 
“half-lattice” circuit that many of the SSB 
operators are using. It is a derivation of the 
-full-lattice shown in Fig. 11-3-B. Both filters are 
bandpass filters and are ideal for generating 
SSB signals or as receiver i-f selectivity filters. 
The half-lattice filter theoretically has the same 
response curve as the full-lattice. The frequen- 
cies selected for the crystals YJ and Y2 must 
be 2 to 3 kilocycles apart. The exact difference 
is not important. Good active crystals should 
be used as already mentioned. 

Once aligned the bandwidth of the filter will 
be approximately 1.2 times the frequency 
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Fig. 11-3-B. A full-lattice crystal arrangement. 
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separation of YJ and Y2. The sharp notches 
either side of the passband are quite deep 
(about 60 db. for a single filter section). ‘The 
filter should be aligned so that the drop- -off 
outside the passband is sharp while at the same 
time the extra response lobes beyond the deep 
notches are kept as far down as possible. The 
actual alignment usually ends up as a com- 
promise because steepness of skirt response and 
low “outer lobe” response do not generally 
occur simultaneously. 


As it turns out the correct impedance for the 
two crystals to look into at the primary wind- 
ing of the output if transformer is just half 
of that presented by the secondary of the input 
transformer. Thus it is often advantageous to 
place a resistor across the terminals of the pri- 
mary of the output transformer in each sec- 
tion of the half-lattice filter. The actual value 
must be determined by experiment and is in 
the order of a few hundred thousand ohms. 
This will tend to give a better over-all re- 
sponse curve shape. Two sections of a half- 
lattice filter are usually necessary to obtain 
enough selectivity for SSB generation or re- 
ception. 


[1.4—The Full-Lattice ~ 


Figure 11-3-B as already mentioned is the 
“full-lattice” filter. The same comments apply 
to this filter as applied to the half-lattice filter 


C1, C2-—0.1 mwfd., 400v. 

C3—1.0 pufd., 200v. 

C4—0.01 pfd., 500v., 
mica. 

C5—365 wpfd., air 
variable. 

C6-—0.001 pfd., 500v. 
mica. 

C7a/C7b—40-40 wufd., 
450v., electrolytic. 

C8—0.01 pufd., 300v., 
mica. 

Ch1—10 henries, 60 ma., 
smoothing choke. 

F1—2 amp. fuse. 

Li—Ferrite toroid induc- 
tor consisting of 50 
turns #18 DSC on a 
Crowley toroid, type 
CR70, Part #5391. 

R1—4700 ohms, 2w. 

R2—1000 ohms, low. 


Fig. 11-5-A. Parts list and wiring details ee the 
""Ferri-Sweeper. 


with the exception that the crystals labeled Y. 
must be as close to the same frequency as pos 
sible; the same applies to the Y2 crystals. 
crystals should be matched to within at least 
50 cps—closer if possible. if 
ference between Yi and Y2 groups should 
2 to 4 kc. as in the half-lattices. Two tandem 
connected filter sections will give appro 
mately 60 db. attenuation of all out-of- 2 


signals.? 


a 


I'igure 11-4-A shows one of the many possibl 
combinations of crystal filters that may be use 
to good advantage. The basic filter is the ha 
lattice of Fig. 11-3-A plus two additional crn 


Fig. 11-4-A. This is a suggested crystal combi- 
nation with a half-lattice and two shunt crystals 
across the windings of the i-f transformer. : 


Filter Combinghane 


TO SCOPE 

HORIGONTAL 
DEFLECTION 
AMPLIFIER 


R3—1.0 megohm, 4w. 
R4—1000 ohms, lw. 
R5—47,000 ohms, 2w. 
R6—2-megohm — 
potentiometer. 
R7—1-megohm 
potentiometer. 
R8—500 ohms, 10w., 
wire wound. 
R9-—470 ohms, lw. 
R10, R15—10,000-ohm 
potentiometer. es 
R11—220,000 ohms, tw. 
R12—-100, 000 ohms, 2w. 
R13—1.0 megohm, "iw. Lee, 
R14—1000 ohms, Iw. 


RFC1—60 mh., iron 


choke, J. W. Miller. 
Sw1— SPST toggle, 


T1—Power transformer, 
Thordarson T13R13, 


a 
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NOW! SSB. 


at a new low cost* 


_with the BURNELL S-15000 single side band filter 


Modest budgets no longer stand 
in the way of single side band 
advantages. Not with the new 


BURNELL S-15000 filter. This. 


low cost filter can be adapted to 
commercial or ham receivers or 
‘transmitters! 

Although the S-15000 is made 
with the same commercial quality 
toroids and condensers as em- 
ployed in the regular BURNELL 
Commercial Grade Audio Filters, 
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a : +f 
Ls 


awe 
SS e, BURNELL & C 


it is designed for low budget 
application. 


Also available: a new low cost. 
upper single side band filter, 


S- 16000. 

Write Dept. 155 for our new 
booklet “Low Cost Single Side 
Band for Amateur and Commer- 
cial Equipment” and order your 
SSB FILTER now. 


*PRICE $35.00 Net, plus postage 
Price on quantity quoted upon request. 


eas O. INC., Yonkers 2, N. Y. = - 
‘oe PACIFIC DIVISION: 720 Mission St., South Pasadena, Calif. «o/ —1_1-_ 11 1 
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ol 
We Trade Equipment 


| P.O. Box 312 


EVANS RADIO 
“Your FB riendly Supplier” 


New England's Foremost Amateur Radio Supply House 


We Offer Time Payments 


CONCORD, N.H. 


Write for our new Ham Equipment Catalog 


Ten Licensed Hams to serve you in person, or by mail 


Phone CApitol 5-3358 
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tals connected across the i-f transformer wind- 
ings. The extra crystals are selected so that 
their series resonant frequencies fall in the 
middle of the outer lobes that are undesirable 
in the basic filter characteristic. “The extra 
crystals need not be restricted to two in num- 
ber, but as many as six or eight crystals can 
be used if necessary. 

Another combination that suggests itself is 
one section of full-lattice followed by a section 
of half-lattice. The serious experimenter can 
try any combination that looks logical and 
satisfy his curiosity as to just what happens. 


i ° u 
11.5—The ''Ferri-Sweeper 

There comes a times in every filter SSB-man’s 
life when he wishes he had a sweep frequency 
generator to simplify the alignment of a side- 
band generating filter. If he is lucky, he man- 
ages to borrow one from a friend, but is usually 
dismayed to find that the sweep recurrence rate 
is usually tied directly into the 60-cycle line 
frequency. In order to align filters with rapid 
skirt attenuation such as the filters just de- 
scribed, the sweep rate must be slowed down 
to between five and ten sweeps per second, and 
the total sweep width should not be more than 
fifteen or twenty kilocycles. Generally, modi- 
fication of an existing f-m signal generator is 
not too successful—it usually ends up as a 
mediocre filter alignment generator and un- 
usable for its original purpose. 

A sweep-oscillator unit nicknamed the 
“Ferri-Sweeper” has been used by the author 
for some time and has been successfully em- 
ployed to align various kinds of filters—both 
crystal and L/C types. The sweep rate is ad- 
justable from two or three up to about twenty 
sweeps per second. The sweep width is con- 
tinuously adjustable from zero up to about 100 
kilocycles in the i-f range. The output ampli- 


Front panel view of the 
"Ferri-Sweeper developed 
to enable alignment of 
SSB filters. The sweep rate 
is variable between 2 and 

20 sweeps per second. 


tude is adjustable and is isolated from the oscil- — 
lator by a cathode follower stage. The circuit 
was originally suggested by Peter Sulzer, 
W3HFW, as a result of his experiments with 
one of the ferrite (hence the name “Ferri- — 
Sweeper’) toroidal cores used in the oscillator 
circuit. 
Circuitry and Theory of Operation — 
Refer to Fig. 11-5-A for the circuit details. 
The two halves of V1 serve as the sweep gen- 
erator acting as a free-running multivibrator. 
The waveform of the voltage across the cathode - 
resistors, R5 and R6, of VIB is a sawtooth. The — 
recurrence rate is adjustable with the 2-megohm — 
potentiometer, R6. ‘The sawtooth voltage is 
coupled to the sweep-amplifier stage, V2, 
through the 1.0 yfd. coupling capacitor, C3. 
The large value of coupling capacity is neces-— 
sary because of the low sweep rates used. This 
value should not be decreased if satisfactory 
operation is desired at low sweep recurrent — 
rates. gat: 
The sweep voltage (sawtooth) is also taken” 
to a terminal on the rear of the chassis so that 
it can be used as the horizontal sweep voltage 
for the oscilloscope used in the filter jalign-— 
ment process. This permits the ‘scope to be- 
synchronized with the sweep generator. Ine 
The plate current pulse of the sweep ampli-— 
fier tube is also sawtooth in shape and it is — 
this current that causes the oscillator to sweep 
in frequency. Note that the plate current 
from the sweep amplifier passes through the 
60-millihenry r-f choke, RFC7 and then through — 
the actual oscillator winding on the ferrite — 
toroid coil, 1.2, and thence to B plus. The rf 
choke, RIC/ serves. to keep the plate o! the 
sweep amplifier from loading down the oscil- 
lator tank circuit and stopping oscillation. At 
the same time the sawtooth-shaped current can 


Generator 


pass through the choke to the toroidal coil. 


Ferrites have the property of having their 
permeability changed when they are under 
‘the influence of a magnetizing field. If a 
linearly varying direct current is used as a 
magnetizing current, the frequency of the os- 
ccillating tuned circuit will vary linearly over a 
‘maximum range equal to almost half the value 
of the center frequency of oscillation. 


The oscillator circuit is a two-terminal oscil- 
lator using cathode coupled triodes as oscillator 
tubes. This oscillator was described by Sulzer 
iny 1950. The cathode potentiometer, R10, is 
used to adjust the amount of feedback for 
optimum conditions. It should be set so that 
reliable oscillation takes place over the work- 
ing range of the oscillator. The oscillator tank 
circuit is composed of the ferrite-toroid coil, 
L1, and the single-section broadcast condens- 
er, C5. The 0.01 ufd. condenser, C4, is used to 
keep the B plus voltage from appearing on the 
plates of the tuning condenser. 

The output cathode follower is conventional 
and provides variable output voltage with com- 
plete isolation from loading effects upon the 
oscillator. The output impedance is relatively 
low being in the region of a few hundred 
ohms. The maximum output voltage is in the 
neighborhood of three volts r.m.s. 


Construction 


This unit was built strictly as a functional 
piece of test equipment and the physical shape 
of the lay-out is not critical. Anyone of several 
methods of construction may come to mind. 
The conventional mechanical lay-out used by 
the author is shown in Ig. /1-5-B merely to 
serve as a guide. 


~The power supply was included as an in- 
tegral part of the unit. Any small power trans- 
former that can furnish 60 or 70 ma. of plate 
current at 200 to 300 volts d.c. will be satis- 
factory. Good filtering must be provided so 
that any ripple present in the B plus supply 
will not have a tendency to synchronize the 
-multivibrator sweep generator at sub-harmonics 
of the 120-cycle ripple frequency. The dual 
40-ufd. electrolytic condenser, C7A and B, and 
single choke, Chi, were found to be satisfac- 
tory. 
~ The only non-standard component in the 
whole piece of equipment is the toroid core on 
which the oscillator tank coil, LJ, is wound. A 
winding of 50 turns of #18 double cotton 
covered wire was found to cover the frequency 
range from 300 kc. to 800 kc. with the tuning 
condenser indicated. The toroidal core itself 
costs only about ten cents each in small quanti- 
ties and can be obtained from Henry L. Crow- 
ley & Co.* ‘The type number and part num- 


oe 


-* West Orange, New Jersey 
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SINGLE SIDE 
BAND CRYSTALS | 


e Tested for activity! 
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eSame day shipment! 
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frequencies with fractions omitted. 
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370 387 403 418 434 491i 506 522 
372 388 404 419 435 492 507 523 
374 390 405 420 436 493 508 525 
375 391 406 422 437 494 509 526 
376 392 407 423 438 49s 511 527 
377 393 408 424 481 496 512 529 
379 394 409 425 483 497 513 530 
380 395 411 426 484 49s 514 531 
381 396 412 427 485 501 515 533 
383 397 413 429 486 502 516 534 
384 398 414 430 487 503 518 536 
385 401 415 431 488 504 519 537 
386 402 416 433. 490 505 520 538 


FREE CRYSTAL 
CATALOGUE 


Send for new, complete catalogue of government surplus 
crystals. Lists 5,000 individual frequencies from 100 to 
10,000 Ke., mounted in wide variety of holders. ALL 
CRYSTALS GUARANTEED FOR ACTIVITY. PRICED 
AT ONLY A FRACTION OF ORIGINAL COST. READY 
FOR IMMEDIATE SHIPMENT. Write for your copy today! 


Minimum order $2.50. All orders MUST be 
NOTE: accompanied by check, cash or money order 
WITH PAYMENT IN FULL. NO C.O.D. Include approxi- 
mately 5Se wer crysta! for postage. CALIFORNIA BUYERS: 
add sales tax. 


U. S. CRYSTALS, INC. 


Dept. SSB 
805 S. Union Avenue 
Los Angeles 17, Calif. 


Ferri - Sweeper 


ber are given in the list accompanying Fig. 
11-5-d. Other manufacturers also make ferrite 
toroids that would certainly perform  satisfac- 
torily in this oscillator. Ea 

As the photos of the constructed unit indi- 
cate, there are five front panel controls (plus 
the ON-OFF switch). These are: sweep rate 
(R6), sweep width (R7), oscillator feedback 
(RIO), output voltage (R15), and frequency 
control (C5). 


Using the Sweep Generator 


A few pointers on using the sweep frequency 


Fig. {1-5-B. Rear chassis view of the ‘'Ferri- 
Sweeper. The coaxial socket on the skirt is for 
the r-f output. The two binding posts are for 
the sweep signal output to the oscilloscope. 


generator would be proper at this point. The 
usual filter encountered by a single sideband- 
minded Ham will be one of the general types 
described in the first of this chapter (see Fig. 
11-I-A, etc.). Filters such as those shown are 
usually high impedance in character in the 
passband region. This means that the mixers 
or amplifiers that are used with the filters must 
not load down the filters by appearing as low 
impedances across the input or output termi- 
nals. ‘T’his is usually accomplished by using 
pentode class A stages before and after the 
filter. 

When we use the sweep generator to align 
the filter we must also remember not to load 
the filter with the generator output impedance. 
We can avoid this by feeding the sweep genera- 
tor signal into the grid of the Stage preced- 


Under chassis view show- 

ing the placement of some 

of the most obvious and 
outstanding parts. 


* 
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ing the filter, or by using a very small coupling 


condenser between the generator output’ and 


the “hot” lead of the filter input. This con- 


denser should usually not be over 4 uyfd. in 


value. This constitutes quite a drop in signal 


voltage between the generator and the filter 


_but is the price that must be paid for im- 
_pedance matching. It must be remembered that 
the shunt capacity on the input and output of 


‘the filter, in the test set-up, will usually not 
be exactly like that encountered in the actual 
operating circuit. Thus, when installed in the 
final transmitter-exciter or receiver i-f strip, 


the input and output trimmer condensers will 


probably have to be retuned slightly to com- 
pensate for the change. If it is possible to 
align the filter in the actual circuit in which 
it 1s to be used—do so by all means. In this 
way, the problem will be avoided. 

In filter alignment a broadly tuned ampli- 
fier following the filter is necessary to make 
up the insertion loss of the filter and to bring 
the signal up to a high enough level to be 
presented on an oscilloscope or measured by a 


VERT. 
IFIER 


Fig. 11-5-C. Envelope detector for use with the 
"Ferri-Sweeper."' 


VIVM. Most oscilloscopes will respond satis- 
factorily to signals in the i-f region. However, 
a simple diode detector may be used to rectify 
the r-f signal so that only the envelope of the 


resulting pulse is seen on the screen of the 
oscilloscope. Such a simple diode detector is 
Shown in Fig. 11-5-C. 


In aligning filters with sweep frequency 
generators one is hampered by seeing only part 


of the amplitude response instead of the full 
40 or 60 db. that may be of interest. The “top 
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AS ALWAYS... 
IN STEP WITH 


The state of the arb” 


N E WwW MULTI-PURPOSE 
LINEAR AMPLIFIER 


A beautifully designed and con- 
: structed unit fully in step with pres- 
ent and future amateur require- 
ments . .. an output amplifier with 
high power output capabilities oper- 
__ ating in Class AB2. . . for SSB... 
for AM... for CW!! 


Vial B...480-500W (Inst’s. Peak) 


AM.....90-100W Carrier..... 
CW...220-240W Output..... 


Other important features: 


cement invent 


Pi network output—one knob bandswitching 
(including grid circuits) covering 10-11-15-20- 
40-80 meters with provisions for 160. 


Pi network matches 50 to 300 ohm loads. 


Self-contained heavy duty power supply 
(4-866JR’s in bridge) 80 mfd output filter for 
excellent dynamic regulation. 


Economical, low-replacement-cost tubes.({4-807's) 


Excitation control . .,. 


greatly facilitates 
linear amp-adjustments. 


Complete metering . . . individual 807 cath- 
odes . .. grid current. Relative RF output. 
Excellent linearity on SSB or AM. 


Completely free from parasitics.. or self-oscil- 
lation. 


Extremely low harmonic output. 


AT YOUR DISTRIBUTOR 


20 db.” of the response curve is about all that 
: can be observed because the amplitude response 
DoF the oscilloscope, and the amplifiers before 
-and after the filter, is linear. 
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MODEL 20A 


MULTIPHASE EQUIPMENT is the overwhelming choice 
of SSB OPS everywhere. Ask any ham who uses it! 
Listen to it perform on SSB, AM, PM or CW! 


MODEL 20A 


@20 Watts Peak Output 
SSB, AM, PM and CW 
@ Completely Bandswitched 
160 thru 10 Meters 
@ Magic Eye Carrier Null 
and Peak Modulation Indicator 


Choice of grey table model, grey or 
black wrinkle finish rack model. 


Wired and tested............ $249.50 
Complete kit........ MTR: ats $199.50 


SIDEBAND 
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MODEL A 
IMPROVES ANY 
RECEIVER 
Upper or lower side- 
band reception of SSB, 
AM, PM and CW at 
the flip of a switch. Cuts 
QRM in half. Exalted 
carrier method elimi- 
nates distortion caused by selective 
fading. Easily connected into any re- 
ceiver having 450-500 KC IF. Built-in 
power supply. Reduces or eliminates 
interference from 15 KC TV receiver 

sweep harmonics. 


Wired and tested.......... ...$74.50 
Complete kit..........--.-.-. $49.50 


MULTIPHASE 


EQUIPMENT 


tions equipment. 


NOW IN BOTH MODELS 


ePerfected Woice-Controlled 
Break-in on SSB, AM, PM. 

e Upper or Lower Sideband at 
the flip of a switch. 

eNew Carrier Level Control. 
Insert any amount of carrier with- 
out disturbing carrier suppression 
adjustments. 

@ New Calibrate Circuit. Simply 
talk yourself exactly on fre- 
quency as you set your VFO. 
Calibrate signal level adjustable 
from zero to full output. 

e New AF Input Jack. For oscil- 
lator or phone patch. 

eCW Break-in Operation. 

eNew Gold Contact Voice 
Control Relay. Extra contacts 
for muting receiver, operating re- 
lays, etc. 

e Accessory Power Socket. Fur- 
nishes blocking bias for linear 
amplifier and voltage for op- 
tional VFO (Modified BC458 
makes an excellent multiband 
VFO.) 


© 40 DB or More Suppression 
of unwanted sideband. 


WRITE FOR LITERATURE 


Central Electrouccs, Tuc. 


1247 W. Belmont Ave. 


\ 
EVERYBODY WANTS 


MULTIPHASE EQUIPMENT 


and for good reason. It’s versatile, permits all-band 
operation 10 thru 160, it’s extremely stable and it's 
a well engineered, dependable piece of communica- 


MODEL 10B 
SUCCESSOR TO THE POPULAR 
MODEL 10A 
©10 Watts Peak Output SSB, AM, 

PM and CW 
eMultiband Operation using plug- 
in coils. 
Choice of grey table model, grey or 
black wrinkle finish rack model. With 
coils for one band. 
Wired and tested............ $179.50 
Complete kit........ es Ses $129.50 


QT-1 ANTI-TRIP UNIT 


Perfected Voice Operated Break-in with 
loudspeaker. Prevents loud - signals, 
heterodynes and static from tripping the 
voice break-in circuit. All electronic — 
no relays. Plugs into socket inside 20A 
or 10B Exciter. 

Wired and tested, with tube... . $12.50 


AP-1 ADAPTER 


Plug-in IF stage —used with Slicer, 
allows receiver to be switched back to 
normal. 


Wired and tested, with tube..... $8.50 
PS-1 NETWORK 


Plug-in prealigned 90° phase shift net- 

work and socket available separately 

for use with GE Signal Slicer te oe 
8. 


Chicago 13, Illinois 


A good microphone can improve your results 


about the call or comments. 


as much as a high gain antenna 


Ever notice that two signals of the same “S meter” intensity sound dif- 
ferently? One is muddy, dull, a little hard to read—the sibilant letters 
like S and F almost alike. The other signal is sharp, clean and readable 
even in QRM and QRN—because there’s usable intelligence. No mistake 


The greatest variation is inthe microphone. A sharp peak adds no intelligibility but 
limits the miodulation to that value. A peak of, say 6 db, which is usual in many 
ordinary microphones, will reduce voice power by HALF. Don’t be fooled by a 
microphone that sounds “louder’’—lotdness by itself is not a criterion.of perform- 
ance; quite the contrary since it may indicate undesirable peaks. 


An E-V microphone with smooth, peak-free response, replacing an inferior instru- 
ment, often will do more for a phone signal than a new antenna or increased power. 
As a further plus, of course, you get well-known E-V durability, style and perform- 
ance. An E-V microphone, to raise stations, to carry through a QSO, is your best 


station investment. 


Shown above are a few of the E-V microphones designed for effec- 
tive communications. Amateur discount applies. 


(upper left) Model 611 high output dynamic and Model 911 crystal. 
On-Off switch. List from $25.50 to $37.50 


(upper right) Model 950 Cardax high-level crystal cardioid, with 
dual frequency response. On-Off switch. List, $42.50 


(lower left) Model 630 wide range, high output dynamic, with ex- 
Clusive Acoustalloy diaphragm. On-Off switch. List, $47.00 


(center) Model 636 ‘‘Slimair’’ wide range dynamic. Pop-proof head. 
Acoustalloy diaphragm. On-Off switch optional. List, $70.00 


(lower right) Model 623 slim-type high output dynamic, with E-V 
Acoustalloy diaphragm. On-Off switch. List, $49.50. Also Model 926 
Crystal, less switch and connector. List, $24.50 


(Other E-V microphones for mobile and aircraft communications, 
telecasting, broadcasting, recording, and public address.) 


For further information, 

see your E-V Distributor 

or write for 

Condensed Catalog No. 119 


leche Voice 


ELECTRO-VOICE, INC.e BUCHANAN, MICH. 
Export:13 E.40th St., New York 16, U.S.A. Cables: Arlab 


